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(54) Water-swellablecrosslinkedpolymerjtscomposition.andtheirproductionprocessesand 
uses 



(57) Thepresentinventionprovidesawater-sweila- 
ble crosslinked polymer composition which comprises 
an anionic crosslinked polymer and a cationic 
crosslinked polymer, and is excellent in the desalting 
propertyandfurtherintheabsorption properties under 
load, and is therefore highly practicable. In a water- 
swellablecrosslinkedpolymercompositionwhichispar- 
ticulate and comprises a cationic crosslinked polymer 
and an anionic crosslinked polymer, the improvement 
satisfiesthefollowingrequirements(1)and/or(2): 

(1) At least either one of the cationic crosslinked 
polymerandtheanioniccrosslinkedpolymerhasa 
bulkdensityofnotmorethan0.5g/ml. 

(2) Thewater-swellable crosslinked polymer com- 
position has a bulk density of not more than 0.5 
g/mi. 



Fig. 1 
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Description 

BACKGROUNDOFTHEINVENTION 

5 A.TECHNiCALFiELD 

[0001J Thepresentinventionrelatestoawater-swellabtecrosslinkedpolym 
ess,morespedfically p awater-swellablecros$linkedpolyme 

swellabiecrossiinkedpolymercompositioncomprisesananioniccrosslinkedpolym 
10 merandhasabulkdensityinaspecificrange.Thepresentinventionfurtherrelatestoawater-sweilablec 

polymeranditsproductionprocesswhereinthewater-swellablecrosslinkedpolymeristoeasilygivetheabovewater- 
swellablecrosslinkedpolymercxjmpositionThepresentinventionstillfurtherrelatestousesoftheabovewater-sw 
blecrosslinked polymer corn position. 

15 B.BA CKGROUNDAR T 

[0002] inrecentyears.syntheticwater-absorbingmateriais.whicharecaliedwater-absorbentresins.havebeen 
developedandare being puttopracticalusenotonlyasconstituentmaterialsofsanitarymaterialssuchassanitary 
napkinsanddisposabtediapers.butalsoforpurposeswhichneedthewater-absorbentresin.forexample, industrial 

20 purposessuchasseaIingmaterials,dewfaft-preventivematerials,freshness-keepingmaterials,andsolvent-dehydrat- 
ingmaterials,andwater-holdingpurposesinsuchastreeplanting,agriculture,andhorticulture. 
[0003] As to the above water-absorbent resin, many ones as obtained by giving a crosslinked structure to 
hydrophilichigh-molecularcompoundsareknown,andexamplesthereofinclude:partial!y-neutrali2edandcrosslinked 
poly(acrylicacids);hydrolyzedgraftpolymersofstarch-acrylonitrile;neutraiizedgraftpo!ymersofstarch-acrylicacid; 

25 saponified copolymers of vinyl acetate-acrylic acid ester; hydrolyzed copolymers of acrylonitrile or acrylamide, or 
crosslinkedpolymersofthesehydrolyzedcopolymers;andcrossiinkedpolymersofpolyethylenimine. 
[0004] Furthermore, WO 92/20735disclosesatechnicalfundamental conception aboutabsorptionof electrolyte 
solutionsby combinations of polymerparticles having twodifferentionsand exhibiting the ion exchangeability, and 
examplesofapplicationofthistechniquearedisclosedinJP-A-081468/1992,W098/24382,W098/37149,andWO 

30 99/25393Thesetechniquesare,forexample,suchthatananionicwater-swellablecrosslinkedpolymerparticleiscom- 
binedwithacationicwater-swellablecrosslinkedpoiymerparticletoformaneutralizedstructurefromanacidgroupof 
theformerpolymerparticleandabasicgroupofthelatterpolymerparticlebythesaltswhichabsorbingsoiutionscon- 
tain.withtheresultthateachofthesepolymerparticlesbecomessowater-swellablethatthecombinationofthesepol- 
ymerparticlescanexhibitmoreexcellentswellabilitythanconventionalneutralizedwater-absorbentresins.andfurther 

35 canaisotakeelectrolytes(whichareproblemstotheconventiona1neutralizedwater-absorbentresins)intopreventthe 
satteffectand^saresult.canenhancetheabiiitytoabsorbtheelectrolytesolutionsmuchmorethanconventional 

[0005] However,theaboveW092/20735,W098/24382,andW098/37149merelydisclosetechnicatfundamental 
conceptions about combinations of polymerparticles, and neverconsiderabsorption properties in practical use. In 
40 addition, W099/25393 proposes forming a microdomain inthepolymerparticlesforthepurposeof improvingthe 
absorptionproperties.butthiscaseisfoundtoro^^ 

water-absorbingmaterialsisimportantparticularlyforpracticaluseofsuchasdisposablediapers.thereforethediffus- 
ibilityofliquidsandfurtherthepropertiesofabsorbingtheelectro!ytesolutionaremoreimportant;neverthelessthis 
respectisnottakenintoconsiderationintheabovepriorartsatall.Thus.inthecasewheretheabovepriorartsare 
45 intactlyappliedtosuchasdisposablediapers.thereareproblemsinrespecttosuchasabsorptionrate, absorption 
capacityandliquidpermeability.thereforeasatisfactoryproductisnotobtained. 

SUMMARYOFTHEINVENTION 

50 A.QBJECTSQF THFINVENTIQN 

[0006] Anobjectofthepresentinventionistoprovideawater-swellablecrosslinkedpolymercompositionandits 
productionprocesswhereinthewater-swellablecrosslinkedpolymercompositioncomprisesananioniccrossiinkedpol- 
ymerandacationiccrosslinkedpolymer.andisexcellentinthedesaltingpropertyandfurtherintheabsorptionprop- 
55 erties underload, and is therefore highly practicable. Anotherobjectofthepresentinventionistoprovide:awater- 
swellablecrosslinkedpolymeranditsproductionprocesswhereinthewater-swellablecrosslinkedpolymeristoeasily 
give the above water-swell able crosslinked polymer composition; and further, uses of the above water-sweltable 
crosslinkedpolymercomposition. 
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B.DISCLOSLJRFOFTHEINVENTION 

[0007] Inordertosolvetheaboveprobtems.thepresentinventionprovidesthefollowing: 

5 (I)Awater-sweiiabiecrossiinkedpoiymercompositio^ 

poiymerandacationiccrosslinkedpolymer.withthewater-swellablecrossiinkedpolymercompositionbe 
acterizedbyhavingabulkdensityofnotmorethan0.5g/m!. 

(2) Awater-swe]lablecrosslinkedpolymercomposition,whichisparticulateandcomprisesananioniccross]inked 
polymerandacationiccrosslinkedpolymer.withthewater-swellablecrosslinkedpolymercompositionbeingchar- 

10 acterizedinthatatleasteitheroneoftheanioniccrosslinkedpolymerandthecationiccrosslinkedpolymerhasa 
bulkdensityofnotmorethan0.5g/rnl. 

(3) Aparticulatecationiccrosslinkedpo!ymer,whichhasabulkdensityofnotmorethan0.5g/mlandexhibitsan 
absorptioncapacityofatleastSg/gforphysiologicalsalinesolutionwithoutload. 

(4) Aproductionprocessforawater-swellablecrosslinked polymer, which comprises thestepof carrying outa 
15 crosslinking reaction of a solution under bubbles-containing conditions wherein thesolutioncontainsatleasta 

water-solublepolymerandacrosslinkingagent 

(5) Aproductionprocessforawater-swellablecrossiinkedpolymercomposition,whichcomprisesthestepsof:car- 
ryingoutacrosslinkingreactionofasolutionunderbubbles-containingconditionstoobtainacationiccrosslinked 
po!ymerwhereinthesolutioncontainsatleastapolyamineandacrosslinkingagent;andthenmixingtheresultant 

20 cationiccrosslinkedpolymerandananioniccrosslinkedpolymertogether. 

(6) Anabsorbentarticles,whichcomprisesanabsorbentlayer,asheetwithliquidpermeability,andasheetwith 
liquidimpermeability.whereintheabsorbentlayercontainstheabovewater-sweilablecrossiinkedpolymercompo- 
sitionaccordingtothepresentinvention.andisinterposedbetweenthesheetwithliquidpermeabilityandthesheet 
withliquidimpermeability. 

25 

[0008} Theseandotherobjectsandtheadvantagesofthepresentinventionwillbemorefullyapparentfromthe 
followingdetaileddisclosure. 

BRIEFDESCRIPTIONOFTHEDRAWINGS 

30 

[0009] 

Fig.1isanelectronphotomicrograph(magnifications:30.0)ofthecrosslinkedpolymerpartides(A3)asobtained 
inExampleA-3. 

35 Fig.2isanelectronphotomicrograph(magnifications:30.0)ofthecrossltnkedpoiymerparticles(A5)asobtained 
inComparativeExampleA-2. 

Fig.3showstheabsorptioncapacitiesunderloadin4hoursofthewater-swellablecrosslinkedpolymercomposi- 
tions(1)to(8)asobtainedinExamples1to4andComparativeExamples1to4. 

Fig.4showstheabsorptioncapacitiesunderloadin20hoursofthewater-swellablecrosslinkedpolymercompo- 
40 sitions(1)to(8)asobtainedinExamp!es1to4andComparattveExamples1to4. 

DETAILEDDESCRIPTIONOFTHEINVENTION 

[0010] Thewater-sweliablecrosslinkedpolymercomposition.accordingtothepresentinvention.comprisesacati- 
45 oniccrosslinkedpolymerandananioniccrosslinkedpolymer,andsatisfiesthefollowingrequirements(1)and/or(2): 

(1) Atleasteitheroneofthecationiccrosslinkedpolymerandtheanioniccrosslinkedpolymerhasabulkdensityof 
notmorethan0.5g/ml,preferablynotmorethan0.4g/ml. 

(2) Thewater-sweilablecrosslinkedpolymercompositionhasabulkdensityofnotmorethan0.5g/mi, preferably 
so notmorethan0.4g/ml. 

[0011] lncidentally 1 the"bulkdensity"inthepresentinventionisamassperunitvolumeofasample,andhasthe 
samemeaningasthoseofcommontermssuchasapparentdensityandbulkspecificgravity.lnthepresentinvention, 
themeasurementofthe"bulkdensity"iscarriedoutinaccordancewiththeJapaneselndustrialStandard(JIS)K3362 
55 8.2. 

[0012] Thereductionofthebulkdensitytotheabovesmallvalueenlargesthesurfaceareaoftheparticles, there- 
forethedesalinationandtheneutralizationrapidiyoccurduetotheionexchangebythecationiccrosslinkedpoiymer 
andtheanioniccrossl inked polymer, withtheresultthattheabsorptionrateunderloadisenhanced.lnaddition, the 
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abovelowbulkdensityenhancestheliquidpermea^ 

enhancesthesaturatedabsorptioncapacityvalue(absorptionquantity).Justforthepurposeofenlargingthesurface 
area, it is enough to rendertheparticiediametersmall. However, justtosim ply renderthe particle diameter small 
involvesenhancingthebulkdensityandthereforedeterioratingtheliquid permeability. Inaddition.intheabove prior 
5 artsasdisciosedinWO92/20735,JP-A-08 1 468/1 992.W098/24382, and WOSS/S/^Q.irregularpuIverizedpolymer 
particlesarecombinedwitheachother.Furthermore,intheabovepriorartasdisclosedinW099/25393,kneadingis 
repeatedwithanextruderuntiithemicrodomainisformed.Thus.anypolymerparticleresultantfromthesepriorarts 
hasabulkdensityofmorethan0.5g/ml. 

[0013] Thus,thepresentinventorsfoundthat,inthepresentinvention,boththefastliquidpermeationrateandthe 

10 fastabsorptionrateundedoadcanbeachievedbyusing^hecationtcoranioniccrosslinkedpolymerhavingasmalibulk 
densityandaiargesurfaceareaorthecompositioncomprisingamixtureofthesecrosslinkedpolymers. 
[0014] Thecationiccrossfinkedpolymer,asusedinthepresentinvention,ispreferablysuchthat50to100mol% 
ofbasicgroupswhicharecontainedinfunctionalgroupsinmoleculesofthispolymerareunneutralizedbasicgroups, 
andexamplesthereofincludethosewhicharecrosslinkedslightlytosuchanextentthattheycanexhibitthewater- 

15 swellabilityandbewater-insoluble,specificaliy,crosslinkedpolymersofpolyalkyleneamines,crosslinkedpolymersof 
polyvinylamines,crosslinkedpolymersofpolyallylamines,crosslinkedpolymersofpoly(N-vinyltmidazoles),crosslinked 
polymersofpolyvinylpyridines,crosslinkedpolymersofpoly(vinylpyridineamineoxides),crosslinkedpo!ymersofpoly- 
diailylamines, crosslinked polymers of polyamidepolyamines, crosslinked polymers of poiy(dimethyiaminoalkyl acr~ 
ylates), crosslinked polymers of poly(dimethylaminoalkyl methacrylates), crosslinked polymers of 

20 polydimethylaminoalkylacrylamides,crosslinkedpolymersofpolydimethy!aminoa!kylmethacrylamides,crosslinkedpol- 
ymersofpolyamidines, crosslinked poiymersofpoly(hydrazineacrylicacids), crosslinked polymersofasparagicacid- 
hexamethylenediaminepolycondensationproducts,cross!inkedpolymersofbasicpoly(aminoacids)(e.g.polylysine), 
crosslinked polymersofchitosan, and oopolymersofthesepolymers. Amongthem, particularly preferable ones are 
crosslinked polymersofpolyethylenimines, crosslinked polymersofpoiyallylamines.andtheirderivatives, and espe- 

25 ciallypreferableonesarethecrosslinkedpolymersofpoiyethylenimines. 

[0015] Thecattoniccrosslinkedpolymer.asusedinthepresentinvention.isobtainablebyaprocessincludingthe 
stepofcrosslinkingthecorrespondingcationicpolymerwithacrosslinkingagenthavingatleasttwogroupswhichare 
toreactwithafunctionalgroup(e-g-amino(amine)group)ofthecationicpo!ymertotherebyformacova!entbond,thus 
introducingacrosslinkedstructureintothecationicpolymer.Whentheabovefunctionaigroupofthecationicpoiymer 

30 isanamino(amine)group,usableexamplesofthecrosslinkingagentincludeconventionalcompoundswi-iichhave,per 
molecule,atleasttwogroupssuchasepoxygroups,aldehydegroups,haloaikylgroups,isocyanategroups,carboxyl 
groups,acidanhydridegroups,acidhalidegroups,esterbondingmoieties,andactivedoublebonds-Specificexamples 
ofsuchacrosslinkingagentinclude:bisepoxycompounds;epichlorohydrin;dihalidessuchasdibromoethyiene;forma- 
lin;dialdehydecompoundssuchasglyoxal;diglycidylethersof{poly)ethyleneg!ycols,diglycidylethersof(poly)propyl- 

35 eneglycols,diglycidylethersofdihydricalcohols(e.g.neopentylglycol),polyg]ycidylethersofglycerol; a, p- unsaturated 

carboxylicacidesterssuchasmethylacryiateandethylacrylate; a,p-unsaturatedcarboxylicacidssuchasacrylicacid; 
di-a,f3-unsaturatedcarbonylcompoundssuchasN,N'-methylenebisacrylamide;and a.co-alkylenediisocyanates.How- 
ever.thereisndimitationtheretoThekindandtheamountofthecrosslinkingagentareselectedinviewoffactorssuch 
asabsorptioncapacityorstrengthoftheresuitantcationiccrosslinkedpolymer,but,whenthecationicpolymerisapol- 

40 ymercontaininganamino(amine)group,theamountofthecrosslinkingagentispreferablyintherangeof0.001to20 
mol%oftheamineunitsofthepolymer.lnthecasewheretheamountofthecrosslinkingagentissma!lerthan0.001 
mol%,theabsorptioncapacityoftheresultantcationiccrosslinkedpolymerislow,andfurther,itsstrengthisinsufii- 
cient.lnthecasewheretheamountofthecrosslinkingagentislargerthan20mol%,theabsorptioncapacitymight 
greatlybelowered. 

45 [0016] Thecrossiinkedpolymerofpoiyethylenimineisproduciblebyaprocessincludingthestepofcrosslinkinga 
polymerofpolyethyleniminewhichisinastatedilutedwithasolventorinastateofanaqueoussolutionorinasolvent- 
freestate.However,forthesafety,itispreferablethatthepolymerofpolyethyleniminewhichisinastateofanaqueous 
solutioniscrosslinkedJnaddition.fororeventingthephysicalpropertiesfromdeterioratingduetodryingaftercrosslink- 
ing,orforsimplifyingthedryingstep,itisdesirabletoproduceapolymerofpoiyethylentminehavingahighsolidcon- 

50 tent.andthesolidcontentofthepolymerofpolyethyleniminewhichisinastateofanaqueoussolutionispreferablynot 
Iowerthan80weight%,morepreferab!ynotlowerthan90weight%,mostpreferablynot!owerthan95weight%. 
[0017] Theantoniccrosslinkedpolymer,asusedinthepresentinvention,ispreferablysuchthat50to100mo!% 
ofacidgroupswhicharecontainedinfunctionalgroupsinmoleculesofthispolymerareunneutralizedacidgroups.and 
examplesthereofincludethosewhicharecrosslinkedslightlytosuchanextentthattheycanexhibitthewater-swella- 

55 bilityandbewater-insolubie,specifically,homoK5rcopolymersofacid-group-containingpolymerizablemonomers,such 
as crosslinked polymers of poly(acrylic acids). Examples of the acid-group-contatning poiymerizable monomers 
include:carboxyl-group-containingpolymerizablemonomerssuchasacrylicacid,methacrylicacid,ethacrylicacid,cro- 
tonicacid,sorbicacid,maleicacid,itaconicacid,cinnamicacid,andtheiranhydrides;sulfonic-acid-group-containing 
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polymerizablemonomerssuchasvinylsulfonirad 

(meth)acrylamido-2-methylpropanesulfonicacid,2-(meth)acryloyiethanesuifonicacid,and2-(meth)acryloy 
fonicacid;andphosphoric-acid-group-containingpolymerizablemonomerssuchas2-hydroxyethy!acryloyiphosphate, 
2-hydroxyethylmethacryloylphosphate,phenyl-2-acryloyloxyethyl phosphate, andvinylphosphate.Amongthem.par- 
5 ticularlypreferableonesarecrossltnkedpolymersofpoiy(acryiicacids),crossiinkedpoiymers^ 
theirderivatives. 

[0018] Inthepresentinvention.thecationircrosslinkedpolymerandtheanioniccrosslinkedpolymerareusedina 

formwherepreferablyatleast70mol%,morepreferably100mol%,oftheacidorbasicgroupsofeachpolymerare 

unneutralizedandfree. 

10 [0019] Forrequirement(l) above, itisenoughthatatleasteitheroneofthecationiccrosslinkedpolymerandthe 
antoniccrosslinkedpolymerhasabulkdensityofnotrnorethan0.5g/mt,andthisinc!udesthefollowingthreecases: 

(i)acasewherebothofthecationiccrosslinkedpolymerandtheanioniccrosslinkedpolymerhaveabulkdensity 
ofnotmorethan0.5g/ml; 

15 (ii)acasewherethecationiccrosslinkedpolymerhasabulkdensityofnotmorethan0.5g/mlandwheretheani- 
oniccrosslinkedpolymerhasabulkdensityofmorethan0.5g/ml;and 

(iii)acasewheretheanioniccrosslinkedpolymerhasabulkdensityofnotmorethan0.5g/rnlandwherethecat- 
ioniccrosslinkedpolymerhasabulkdens:tyofmorethan0.5g/ml. 

20 lnviewoftheeaseoftheproduction,however,itispreferablethatthecationiccrosslinkedpo!ymerhasabulkdensity 
ofnotmorethan0.5g/ml 1 andcase(ii)aboveisthesimplest. Particularly, itispreferablethatparticlesofcrosslinked 
polymersofpolyethylenimineshavingabulkdensityofnotmorethan0.5g/mlareusedasthecationiccrosslinkedpol- 
ymer. 

[0020] Thecrosslinkedpolymerofpolyethyleniminehassolowaglasstransitiontemperatureastobeverydifficult 
25 tosubjecttotreatmentssuchaspulverizationatroomtemperatureafterdryingTherefore,specialtreatmentssuchas 
freeze-dryingareneededforobtainingitsirregularpulverizedparticlesJnaddition.evenifthepulverizationiscarried 
outbysuchaspecialtreatment,theresultantparticlestendtc>cohereiftheyareleftastheyareTherefore,usuaM 
surfacesneedtobecoatedwithinorganicfineparticlessuchassilica.Ontheotherhand.thecrosslinkedpolymerof 
polyethyleniminecanbeformedintoaggregatedparticleshavingabulkdensityintheaimedrangebysubjectingthe 
30 crosslinkedpolymerofpolyethyleniminetoaprocessinctudingthestepsofpulverizingthecrosslinkedpolymerofpol- 
yethyleniminebeforehandinthestageofitshydrogeitodivideitintoveryfinepieces(e.g.theirparticlediametersare 
notlargerthan850 (o.m) > andthendryingthem,andthenaddingtheretoasmallamountofinorganicfineparticles(such 
assilica)oreurfactant,andthenpulverizingtheresultantmixture.Theresultantaggregateusualiyhasabulkdensityof 
notmorethan0.5g/ml,thereforecrosslinked polymerparticieshavingabulkdensityofnotmorethan0.5g/mlare 
35 obtainableinaveryeconomicalandpracticalmanner. 

[0021] Examplesofotherproductionprocessesforcationicoraniontccrosslinkedpolymerparticleshavingabulk 
densityofnotmorethanO.Sg/mlincludeaprocessincludingthestepofcarry^ 

bles-containingconditionswhereinthesolutioncontainsawater-solublepolymerandacrosslinkingagent,andm 
specificexamplesofsuchaprocessinclude:aprocessinciudingthestepsofbeforehandaddingacompound, which 

40 cangenerateagasbyheating,toacationi<x>ranionicwater-solublepolymeraiongwithacrosslinkingagent,andthen 
heatingtheresultantmixturetocausefoamingsimultaneouslywithcrosslinking.thusobtainingacrosslinkedpolym 
havingalowdensity;andaprocessincludingthestepsofcrosslinkingamixtureofacationicoranionicwater-soluble 
polymeroracationicoranionicpolymerizablemonomercontainingapolymerizationinitiatoiwithacrossNnkablecom 
pound inanaqueoussolutionofthismixtureinastatewhereaninertgasisdispersedinthisaqueoussolution, or 

45 crosslinkingtheabovemixturesimuitaneouslywithitspofymerization.thusobtainingacrosslinkedpolymerhavinga 
lowdensity. 

[0022] Theprocessindudingthestepofcarryingoutareactionbetweenawater-solublepolymerandacrosslink- 
ingagentunderbubbles-containingconditionsmaybetheabove-exemplifiedones.butaparticularlypreferableexam- 
pie thereof is a process including the stepofcarryingoutacrosslinking reaction between a viscous water-soluble 

50 polymerandacrosslinkingagentunderbubbles-containingconditions.because.alsoinviewoftheproductioncost, 
suchaprocessenablesthestableproductionatalowcost. Forstabilizingthebubbles-containingconditionsinthis 
process,itisdesirabletocontroltheviscosity,andthisviscositycontro!is,forexample,carriedoutbyamethodinwhich 
themolecularweight,molecularcomposition,orhigh-mo!ecularstructureofthewater-solublepolymeriscontrolled,or 
a method in whichthetemperatureorpressureisadjusted.ora method in which an additive is added. However, a 

55 methodinwhichthesolidcontentoftheaqueoussolutionisadjustedispreferableasasimplemethod.whereinhow 
highsolidcontentispreferableisdifferentaccordingtotheviscosityofthepolymersolution.butthesoiidcontentispref- 
erablynotlowerthan5weight%,morepreferablynotlowerthan30weight% > stillrnorepreferablynotiowerthan50 
weight%,mostpreferablynotlowerthan80weight%.lnthecasewherethesolidcontentislowerthan5weight%, 
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therearedisadvantagesinthatlheyieldresultantfromdryingislow.Theviscosityofthepolymers 
notlowerthan2mPa s.morepreferablynotlowerthanl OOmPa s.stiHmorepreferablynotlowerthanl .OOOmPa 
mostpreferablynotlowerthan10,000mPa s.Theweight-averagemolecularweightofthepolymerwhichiscontained 
inthepolymersolutionispreferablynotlowerthant, 000, more preferablynotlowerthanl 0,000, mostpreferablynot 
5 lowerthan 1,000, 000. Theneutraiizaiionratioonnepoiymerwhicm 

Iowerthan75mol%,morepreferablylowerthan50mol%,stillmorepreferablylowerthan30mol%,m 
lowerthan10moi%Thedegreeofreducedpressureintheabovemethodinwhichth^ 

ably nothigherthan750mmHg, more preferablynot higher than200mmHg, most preferably nothigherthan 100 
mmHgThevolumeexpansivityofthebubbles-containingvolumetotheoriginaivolumeispreferablynotiowerthanO.1 

10 %,morepreferablymtlowerthan0.5%,stillmorepreferaW 

[0023] Themixer.whichisusedtomixthewater-soiublepolymerandthecrosslinkingagenttogetherwhilewhip- 
pingthem, is notespecially limited, butconventionalonessuch as motor-driven rotating stirrers, high-speed stirrers 
(e.g. homogenizers (produced by Nihonseiki Kaisha Ltd.)), and whisks (e.g. Whip Auto (produced by Aikosha Sei- 
sakushoK.K.))arealsousableaccordtngtotheaimedbulkdensity.lnaddition,thepressureuponthewhippedaque- 

15 ouspolymersolutioncanbeadjustedasamethodtoadjustthebulkdensityofthecrosslinkedpolymer.Forexample, 

crosslinkingthecrosslinking-agent-mixedaqueouspolymersolutionunderreducedpressureafterbeingwhippedcan 
produceanycrosslinkedpolymerhavingalowerbulkdensitythanthatobtainedbycrosslinkingundemormalpressure. 
Inaddition.uniformwhippingenableseasypulverizationofevenahigh-concentratedcrosslinkedpolymer. 
[0024] Thecrosslinkedhydropolymerasproducedintheabovewayisusedafterithasbeendriedandthenpulver- 

20 izedifnecessary. 

[0025] Thepresentinventorsarethefirstfindersoftheaboveproductionprocessforawater-swellablecrosslinked 
polymerwhichcomprisesthestepofcarryingoutacrosslinkingreactionofasolutionunderbubbles-contatningcondi- 
tionswhereinthesolutioncontainsawater-solublepoIymerandacrosslinkingagent.Thepreseritinventionfurtherpro- 
videsthisproduction process. Inthisproductionprocess.theresultingwater-swellablecrosstinkedpoiymerhavinga 
25 Iowbulkdensityexhibitsanabsorptioncapacityofpreferablyatleast3g/g,morepreferablyatleast5g/g,forphysio- 
logical saline solution without load. Inaddition, the water-swellablecrosslinked polymerobtained by this production 
processisusableasthecationiccrosslinkedpolymerand/ortheanioniccrosslinkedpolymerinthewater-swellable 
crosslinkedpolymercompositionaccordingtothepresentinvention.butisalsousablealone. 

[0026] Whenthewater-swellablecrosslinkedpoiymercompositionaccordingtothepresentinventionisproduced 

30 usingthecationiccrosslinkedpolymerandtheanioniccrosslinkedpolym 

positionhavinghighphysicalpropertiesisobtainablebycarryingoutacrosslinkingreactionintheabovewaywitha 
polyamineusedasthecationicpolymer(water-solublepolymer).Thus,thepresentinventionfurtherprovidesaproduc- 
tion process for a water-swellable crosslinked polymer composition which comprises the steps of: carrying out a 
crosslinkingreactionofasolutionunderbubbles-containingconditionstoobtainacationiccrosslinkedpolymerwherein 

35 thesolutioncontainsatleastapo!yamineandacrosslinkingagent;andthenmixingtheresultantcationiccrosslinked 
polymerandananioniccrosslinkedpolymertogether. 

[0027] inaddition.ifapoiyethyleniminepolymervvhichdoesnotsolidifyeveninastateofhighsolidcontentisused, 

thenacationiccrosslinkedpolymerhavingsolowabulkdensityasnottoneedthedryingstepcanalsobeobtained 

directly. 

40 [0028] Incidentally, water-sweliabie crosslinked polymer particles of the irregular pulverized shape, which are 
obtainedbydryingandthenpulverizingahydrogelresultantfromconventionalaqueoussolutionpolymerization.usu- 
aliyhaveabulkdensityofmorethan0.5g/ml. 

[0029] Inaddition, thepresentinventorsarethefirstfindersofthecationiccrosslinkedpolymerwhichhasabulk 
densityofnotmorethan0.5g/mlandiswater-swellableandcanabsorbseveraltimesaslargeaquantityofphysiolog- 
45 icalsaiinesolutionasitsownweight.Thepresentinventionfurtherprovidessuchacationiccrosslinkedpolymerhaving 
abulkdensityofnotmorethan0.5g/mlandexhibitinganabsorptioncapacityofatleast5g/gforphysiologicalsaline 
sotutionwithoutload. 

[0030] inthepresentinvention.astotherespectiveparticlediametersofthecationiccrosslinkedpolymerandthe 
anioniccrosslinkedpolymer,notlessthan90weight%ofeachpolymerhasaparticlediarneterintherangeofprefer- 

50 ably850to100 u.m,morepreferably500to150 ^m. 

[0031] Inaddition, theweightratioofthecationiccrosslinkedpolymertotheanioniccrosslinkedpoiymerinthe 
presentinventionisintherangeofpreferably10/90to90/10,morepreferably20/80to80/20,stilimorepreferably30/70 
to70/30, particularly preferably40/60to60/40,inviewofenablementtodisplaytheutmostdesalinationeffectandto 
displayhighabsorbencyforelectrolytesolutions. 

55 [0032] Thewater-swellablecrosslinkedpolymercompositionhavingabulkdensityofnotmorethan0.5g/ml,which 
satisfiesrequirement(2)above,iseasilyobtainablebyarrangingforatleasteitheroneofthecationiccrosslinkedpol- 
ymerandtheanioniccrosslinkedpolymertohaveabulkdensityofnotmorethanO.Sg/mlinaccordancewithrequire- 
ment (1 ) above, and it is enough to arrange that the buik density will not be more than 0.5 g/ml over the whole 
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composition in consideration of the respective bulk densities of the anionic crosslinked polymer and the cationic 
crosslinkedpolymerandtheweightratiobetweenthesepolymers. 

[0033] lnaddition.thewater-swellablecrosslinkedpolymercompositionhavingabulkdensityofnotmorethanO.5 
g/ml,whichsatisfiesrequirement(2)above,isproduciblealsobyaprocessincludingthestepofmixingfinely-pulver- 

5 ized particles of the cationic crosslinked polymer and finely-pulverized particles of the anionic crosslinked polymer 
together,forexample,inthepresenceofabinderofwhichtheamountisintherangeof1to30wt%,therebyaggre- 
gatingandgranulatingthemwhileformingapolyioncomplexontheirsurfaces.However.conventionalmixinggranula- 
tion processes result in a high bulk density, and it is therefore difficult for such conventional mixing granulation 
processestogivethewater-swellablecrosslinkedpolymeraccordingtothepresentinvention. 

10 [0034] Thewater-swellablecrosslinkedpolymercomposition.accordingtothepresentinvention.isobtainablebya 
processincluding^hestepofmixingtogetherthecationiccrosslinkedpolymerandtheanioniccrosslinkedpolymer,and 
furtherjfnecessai7,anotheradditive.Examplesofmethodsfonmixing^hecationiccrosslinkedpolymerandtheanionic 
crossiinkedpolymertogetherinclude:aso-calleddry-blendingmethodinwhichbothpolymersaremixedtogetherina 
statewherebotharedriedproducts;andaso-calledgel-blendingmethodinwhicheitheroneofthepolymersisformed 

15 intoadrypowder,andthisdrypowderanda(pulvertzed)geloftheotherpolymeraremixedtogetherandthenpulver- 
ized, orinwhichbothpolymersaremixedtogether,inastatewherebotharegels,andthendried. However, thegel- 
blendingmethodincreasesthedegreeofclosecontactbetweenparticlestoresultinahighbuikdensity.thereforethe 
dry-blending method is preferable. Examplesofmixersthereforincludekneaders, almighty mixers, extruders, Nauta 
mixers, ribbonmixers,paddlemixers,airmixers,andconicalblenders.lncidentally,the"driedproduct",asreferredtoin 

20 thepresentinvention,isdefinedaswhatisinastatewhereitswatercontentis!essthan20weight%(itssolidcontent 
ismorethan80weight%).Ontheotherhand,the"gel"isdefinedaswhatisinastatewhereitswatercontentisnot 
Iessthan20weight%(itssolidcontentisnotmorethan80weight%). 

[0035] Thewater-swel!ablecrosslinkedpolymercomposition,accordingtothepresentinvention,mayfurthercom- 
priseanadditive(e.g.dispersantincludinginorganicfineparticlessuchassilica)otherthanthecationiccrossiinkedpol- 
25 ymerandtheanioniccrosslinked polymer, butneedsto be particulate. The total amountofthecationiccrosslinked 
polymerandtheanioniccrosslinkedpolymerinthewater-swellabiecrosslinkedpolymercompositionispreferablynot 
smallerthan95weight%,morepreferablynotsmallerthan99weight%. 

[0036] Theabsorptioncapacityofthewater-swellabiecrosslinkedpolymercompositionaccordingtothepresent 
inventionunderloadisasfoilows:thatin4hoursispreferablynotlessthan20g/g,morepreferablynotlessthan30g/g, 
30 mostpreferablynotlessthan40g/g,andfurther,thatin20hoursispreferablynot!essthan30g/g,morepreferablynot 
Iessthan40g/g,mostpreferablynotlessthan45g/g. 

[0037] Theabsorptionefficiencyofthewater-swellablecrosslinkedpoiymercompositionaccordingtothepresent 
inventionunderloadispreferablynotlessthan1.0,morepreferablynotlessthan1.2,mostpreferablynotlessthan1.5. 
[0038] Theabsorption capacity of thewater-sweilablecrosslinkedpolymercompositionaccordingtothe present 
35 inventionunderloadisasfollows:eachofacompositionhavingparticlediametersintherangeof850to500 (j.m,a 
compositionhavingparticlediametersintherangeof500to300 ^m.andacompositionhavingparticlediametersof 
notlargerthan300 |umexhibitsanabsorptioncapacityunderloadofpreferablynotlessthan10g/gin0.083hoursor 
notlessthan40g/gin20hours. 

[0039] The desalting amount of the water-swellable crosslinked polymer composition according to the present 
40 inventionispreferabiynotlessthan0.3g/g,morepreferablynotlessthan0.35g/g,mostpreferablynotlessthan0.4 

g/g- 

[0040] Thewater-swellablecrosslinkedpolymercomposition,accordingtothepresentinvention,canabsorbvari- 

ousliqutdssuchaswater,bodyfluids,physiologicalsa!inesolution,urine,blood,cementwater.andfertilizer-containing 

water.andisthereforeusableforabsorbentarticleswhichcontainthiscomposition.Suchabsorbentarticlesareuseful 

45 forvarioustndustrialpurposeswhichneedwater-absorption, water-holding, wetting, swelling, andgelation.forexam- 
ple,asfollows:articlescontactinghumanbodies,suchasdisposablediapers,santtarynapkins,andincontinentpads; 
materialstoseparatewaterfromoil;otherdehydratingordryingagents;water-holdingmaterialsforplantsorsoil;solid- 
ifiersfonriuddysediment;dewfallpreventives;sealingmateriaisforelectricwiresoropticalfibers;andsealingmaterials 
forengineeringworksorconstructions. 

so [0041] Thestructureoftheaboveabsorbentarticlesis,forexample,suchthatanabsorbentlayercontainingthe 
water-swellablecrosslinkedpolymercompositionaccordingtothepresentinventionisinterposedbetweenasheetwith 
liquidpermeabilityandasheetwithliquidimpermeability. 

[0042] Theabove-mentionedsheetwithliquidpermeabilityisasheetcomprisingamaterialthatispermeablewith 
aqueousliquids.Examplesthereofinclude:nonwovenfabrics,wovenfabrics;poroussyntheticresinfilmsofpolyethyi- 
55 ene, polypropylene, polyester.polyamide.lnaddition.theabove-mentionedsheetwithiiquidimpermeabilityisasheet 
comprisingamateria(thatisimpermeablewithaqueousliquids.Examplesthereofinclude:syntheticresinfilmsofpol- 
yethylene,polypropylene,ethylenevinylacetate,polyvinylchloride;filmsofcombinedmaterialsofthesesyntheticres- 
inswithnonwovenfabrics; filmsof combined materials oftheabove-mentionedsyntheticresins with wovenfabrics. 
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lncidentally,thesheetwithiiquidimperrrieabilitynriaybepermeablewithvapor. 

[0043] inaddition.whenthewater-swellablecrosslinkedpolymercompositionaccordingtothepresen^ 
used for the absorbent article, a product by beforehand mixing the cationiccrosslinked polymer and the anionic 
crosslinkedpolymertogetherintheaforementionedwaymaybeusedasthewater-swellablecrosslinkedpolymercom- 
5 position, butitisalsopermissibletousethewater-swellablecrossiinkedpolymercompositionaccordingtothepresent 
inventioninaformsuchthatthecationiccrosslinkedpolymerandtheanioniccrosslinkedpolymeiwillbemixedtogether 
whentheabsorbentarticleisproduced. 

[0044] Incidentaliy.itispermissibletogivevariousfunctionstothewater-swellablecrosslinkedpolymercomposi- 
tionaccordingtothepresentinventionortheabsorbentarticlebyfurtheraddingmatertals.suchasdeodorants.antimi- 
10 crobiaiagents.perfumes.variousinorganicpowders.foamingagerits.pigments.dyes.hydrophilicshortfibers.manure, 
oxidants,reductants,water,andsalts,tothewater-swellablecrosslinkedpolymercompositionaccordingtothepresent 
invention. 

(EffectsandAdvantagesofthelnvention): 

15 

[0045] Becausethewater-sweilablecrossiinkedpolymercompositionaccordingtothepresentinventioncomprises 
acombinationoftheanionicwater-swellablecrosslinkedpolymerparticlewiththecationicwater-swellablecrosslinked 
polymerparticle.aneutralizedstructureisformedfromanacidgroupoftheformerpolymerparticleandabasicgroup 
ofthelatterpolymerparticleintheabovecomposition.withtheresuftthateachofthesepolymerparticlesbecomesso 

20 water-swellablethattheabovecompositioncanexhibitmoreexcellentswellabilitythanconventionalneutralizedwater- 
absorbentresins, and further canalsotake electrolytes (which are problemsto the conventional neutralized water- 
absorbentresins)intopreventthesaiteffectand,asaresult,canenhancetheabtlitytoabsorbtheelectrolytesolutions 
much more thanconventional cases. Furthermore, the above composition isawater-sweilablecrossiinked polymer 
compositionwhichisexcellentintheabsorptionpropertiesunderloadandisthereforehighlypracticable. 

25 [0046] The water-swellablecrosslinkedpolymeraccordingtothepresentinvention easily givestheabove water- 
swellabiecrosslinkedpolymercompositionaccordingtothepresentinvention.Andtheproductionprocessforawater- 
swellablecrosslinked polymer, accordingtothepresentinvention.easilygivestheabovewater-swellablecrosslinked 
polymeraccordingtothepresentinvention. 

[0047] The production processforawater-swellabiecrosslinkedpolymercomposition, according tothe present 
30 invention, easilygivestheabovewater-sweilablecrosslinkedpolymercompositionaccordingtothepresentinvention. 
[0048] Because the absorbent article according to the present invention includes the above water-swellabie 
crosslinkedpolymercompositionaccordingtothepresentinventionasacomponent.thisabsorbentartideisanarticle 
whichisexcelientintheabsorptionpropertiesunderloadandisthereforehighlypracticable. 

35 DETAILEDDESCRIPTIONOFTHEPREFERREDEMBODIMENTS 

[0049] Hereinafter.thepresentinventionismorespecificallyiilustratedbythefollowingexamplesofsomepreferred 
embodimentsincomparisonwithcomparativeexamplesnotaccordingtotheinvention.However.thepresentinvention 
isnotlimitedthereto. 

40 [0050] lntheexamples,unlessotherwisenoted,theunits"part(s)"and"%"denotethosebyweight. 

[0051] Incidentallythephysicalpropertiesofthewater-swellablecrosslinkedpolymercompositionweremeasured 
inthefol lowing ways. 

(a)Absorptioncapacityforphysiologicalsalinesolutionwithoutload: 

45 

[0052] First,0.2gofcrosslinkedpolymerparticleswereuniform!yptacedintoanonwoven-fabric-madebag(60mm 
x60mm)andthenimmersedintoa0.9weight%aqueoussodiumchloridesolution(physiologicalsalinesolution).Sixty 
minuteslater,thebagwasdrawnupandthendrainedat250Gfor3minuteswithacentrifuge,andtheweightW1(g) 
ofthebagwasthenmeasured.Ontheotherhand.thesameprocedurewascarriedoutwithoutthecrosslinkedpolymer 
so particles, andtheresu!tantweightWO(g)wasmeasured.Thus,theabsorptioncapacity(g/g)withoutloadwascalcu- 
latedinaccordancewiththefollowingequation: 

Absorptioncapacity(g/g)withoutload =(W1(g)-W0(g))/(weight(g)ofcrosslinkedpolymerparticles)-1 

55 [0053] Incidentally, when the absorption capacity without load in the presentinvention was measured, particles 
havingparticlediametersintherangeof500to300 umwereused. 
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(b) Absorptio incapacity underload: 

[0054] First, 0.9 gofwater-swellablecrosslinkedpolymercomposttion was uniformly spread on astainlesswire 
gauzeof400mesh(meshopeningsize:38 jam)asattachedbyfusiontothebottomofaplasticsupportingcylinderwith 

5 an inner diameterof 60 mm. Next, a piston and a load were mounted in sequence on the above water-swellable 
crosslinked polymercomposition.whereinthe piston had anouterdiameterofonlyalittlesmallerthan 60mm and 
madenc^apwiththewailfaceofthesupportingcylinder.butwasnothinderedfrommovingupanddown.andwherein 
thetota]weightofthepistonandtheloadwereadjustedsuchthataloadof50g/cm 2 coulduniformlybeappliedtothe 
water-sweilabiecrosslinkedpolymercomposition.Then,theweight(Wa)oftheresultantsetofrneasurementapparatus 

io wasmeasured. 

[0055] Aglassfilterplateof90mmindiameterwasmountedinsideaPetridishof150mmindiameter,andasalt 
water(1,000gintotaiweightaspreparedbyaddtngdeionizedwater(solvent)to2.0gofpotassiumchioride,2.0gof 
sodiumsulfate,0.85gofammoniumdihydrogenphosphate,0.15gofdiammoniumhydrogenphosphate,0.25gofcal- 
ciumchloridedihydrate,and0.5gofmagnesiumchloridehexahydrate)wasaddeduptothesamelevelasthesurface 
15 oftheglassfilterplate,onwhichfdterpaperof90mmindiameterwasthenmountedsuchthatitsentiresurfacewould 
bewetted.andfurther.anexcessofliquidwasremoved. 

[0056] Theabovesetofmeasurementapparatuswasmountedontheabovewetfilterpaper.therebyallowingthe 

water-swellablecrosslinkedpoIymercompositiontoabsorbtheliquidunderload.Afterthewater-swellablecrossiinked 

potymercompositionhadabsorbedtheliquidforapredeterminedtime.thesetofmeasurementapparatuswasiiftedto 

20 measureitsweight(Wb)again.Then,theabsorptioncapacityunderloadwasdeterminedfromthebelow-mentioned 
equation. Theabovemeasurementwascarriedoutwiththepistonandtheloadstiiimounted.Afterthemeasurement 
oftheweighthadended,thesetofmeasurementapparatuswasmountedontheabovewetfilterpaperagain,thereby 
allowingthewater-swellablecrosslinkedpolymercompositiontoabsorbthesaitwaterunderloaduntilthenextprede- 
terminedtime.Thereafter.theaboveoperationwasrepeatedtocomparethesaltwaterabsorptionrate.Thelargerthe 

25 saltwaterabsorptioncapacityasexhibitedperuntttimeis.thefasterthesaltwaterabsorptionrateis. 

Absorptioncapacity(g/g)underload 
={Wb(g)~Wa (g))/(weight(g)ofwater-swellablecrosslinkedpolymercomposition) 

30 

(c) Absorptionefficiencyunderloadandabsorptioncapacityofupper,intermediate,andlowerlayersofgeiunderload: 

[0057] TheabsorptionefficiencyunderioadwasdeterminedbyamethodasdescribedinJP-A-265582/1998asfoi- 
Iows.lmmediatelyaftertheabovemeasurementoftheabsorptioncapacityundeiioadhadbeencarriedoutfor4hours, 

35 thesetofmeasurementapparatuswasremovedfromthefiiterpaperinastatewherethewater-swellablecrosslinked 
polymercompositionwhichhadabsorbedthesaltwaterandswollentherewith(i.e.swollengel)waspresentinthesup- 
portingcylinderandstilicarriedthepistonandtheload.Then.thesetofmeasurementapparatuswasmountedona 
stackof10piecesoffilterpaperof90mm!ndiameter{No.2,producedbyAdvantechToyoK.K.)for2minutesto 
removethesaltwaterwhichwaspresentinthesupportingcylinderandbetweenswollengeiparticles(gapsaltwater 

40 whichhadnotbeenabsorbedbythewater-swellablecrosslinkedpolymercomposition).Then,weightWc(g)wasmeas- 
uredinastatewheretheswollengeiwaspresentinthesupportingcylinderandstillcarriedthepistonandtheload. 
WeightWd(g)ofthesupportingcylinder,whichhadbeenmeasuredbeforehand,andthetotalweightWe(g)ofthepis- 
tonandtheloadweresubtractedfromWc(g)todetermineweightWf(g)oftheswoliengelfromwhichthegapsalt 
waterhadbeenremoved. 

45 [0058] Next.thepistonandtheloaaWereremovecifromthesupportingcylinder.andthentheswollengeiinthesup- 
portingcylinderwasgotouteveryone-thirdoftheweightWf(g)oftheswollengelfromthetoptoobtainupper,inter- 
mediate,andlowerlayersofthegel.Theresultantupperlayerofthegelwasweighedoutontoanaluminumcupand 
thendriedat180 0 Cfor3hours,andthentheweightoftheresultantdriedproductwascorrectedbytheso!idcontent 
oftheabsorbedsaltwatertodetermineabsorptioncapacityGI (g/g)oftheupperlayerofthegel underload .whenthe 

50 absorptioncapacityofthegelunderioadwascalculatedontheassumptionthat50%ofthecomponentsofthesalt 
waterweretakenintothewater-swe!lablecrosslinkedpolymercomposition(ontheassumptionthattheconcentration 
ofthesaltwaterastakenintothewater-swellablecrosslinkedpolymercompositionwas50%oftheconcentrationof 
theoriginalsaltwater). 

[0059] Thesameprocedureastheabovewascarriedoutalsoforthelowerandintermediateiayersofthegelto 
55 determineabsorptioncapacityG2(g/g)ofthelowerlayerofthegelunderloadandanabsorptioncapacityoftheinter- 
mediatelayerofthegeiunderioad. 

[0060] Then,theabsorptionefficiencyunderloadwascalculatedinaccordancewiththefollowingequation: 



9 



EP1081178A2 

Absorptionefficiencyunderload=G1/G2 



(d) Bulkdensity: 

[0061] ThebulkdensitywasdeterminedbyamethodasdescribedintheJapaneselndustrialStandard(JIS)K3362 
8.2Jncidentally,astothemeasurementdevice,abulkdensitymetertproducedbyKuramochiScientifidnstrumentSei- 
sakushoK.K.)wasused. 

[0062] Anamountof120mlofsample,whichhadbeenwell-mixedtoeliminatetheunevennessaccordingtothe 
particlediameterdistribution.wasplacedintoafunnelwithitsdamperd^ 

openedtodropthesampleintoareceiver.Aportion.asoverbrimmedfromthereceiver.ofthesamplewasscrapedoff 
withaglassrodThen.theweightofthereceivercontainingthesa^ 

culatethebulkdensityinaccordancewiththebelow-mentionedequationJncidentallythebuikdensitywasnneasured 
underconditionswheretheso I idcontent(basedonthemoisture<x>ntent)ofthecrossl inked poly merparticlesorwater- 
swellab!ecrosslinkedpolymercompositionwashigherthan80weight%,andwheretheterriperaturewas25 ±2 °C, 

andwheretherelativehumiditywasintherangeof30to50%. 

Bulkdensity(g/ml)=(C-A)/B 

where 

A:weight(g)ofthereceiver 
B:capacityofthereceiver(mi) 

C:weight(g)ofthereceiverwhencontainingthesample 

(e) Solidcontent: 

[0063] Theweightofanaluminumdishof50mmindiameterwasmeasuredwithanaccuracyto0.0001g(the 

resultantweightwasreferredtoasWa)About1gofsamplewasweighedoutwithanaccuracyto0.0001g(theres 

antweightwasreferredtoasWb),andthenuniformlysprea 

°Cwithawind-freedryingoven.After1hour,thesamplewasgotoutoft^ 

catorforabout10minutes,andthenweighedwithanaccurac^ 

Thesolidcontentwascalculatedinaccordancewiththefollowingequation: 

Solidcontent(wt%)=(Wc-Wa)AA/b 

(ODesaltingamount: 

[0064] First, 1.0go1water-sweliablecrosslinkedpolymercompositionwasplacedinto100gofphysiologicalsaline 

solution(0.9weight%aqueoussodiumchloridesolution)inabeakerof200mlaridthengent]ystirred,therebybeing 

swollen.Afterswellingfor4hours4heliquidcontainingtheswollengelwasfilteredbysuction,andtheamount(g/g)of 

desaltingbythegelwasdeterminedfromamountW1(g)oftheseparatedf]ltrateandfromsodiumchlorideconcentra- 

tionC1(wt%)asdeterminedfromtheelectricconductivityoftbefl!trate. 

Desaltingamount(g/g)=0.9-W1 x C1/100 

(EXAMPLEA-1): 

[0065] First, 1,000gof 30% polyethylenimine(tradename:EpominP-1 000, producedbyNipponShokubaiCo., 

Ltd.)waspiacedintoabeakerof2iitersasfumishedwithastirrertostirthecontents.Next,30gofethyleneglycoldig- 

lycidyl ether (trade name: Denacol EX-81 0, produced by Nagase Chemicais, Ltd.) (crosslinking agent) was added 

theretounderstirring.Then.theresultantmixturewasstirredforlminutetoobtainahonnogeneoussolution.Thereaf- 

ter,thevesselwassealed,andthenp!acedintoanincubatorof60 °Ctocarryoutareaction.After3hours,thesystem 

temperaturewascooleddowntoroomteiTiperature.andtheresultantlumpedgelwaspuiverizedwithalaboratorypul- 

verizerintoparticlediametersofnotiargerthan850 umTheresultantpowderyhydrogelwasdriedat60 °Cwithhot 

airfor2hours,andthen0.9gofinorganicfineparticles(tradename:AerosilR972, produced byNipponAerosilCo., 

Ltd.)wereaddedtotheresultantdriedproduct,andtheywerewellblendedsothattheinorganicfineparticlescould 

uniformlybedispersed.Theresultantblendwaspulverizedwithalaboratorypulverizerintoparticlediametersofnot 
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Iargerthan850 ^m,thusobtainingcationiccrosslinkedpolymerparticles(A1).The850-}im-passedyieldwas96.5%. 
Thecrosslinkedpolymerparticles(A1)exhibitedanabsorptioncapacityof6.5g/gforphysiologicalsalinesolutionwtth- 
outload.lnaddition,thecrosslinkedpolymerpartic!es(A1)comprised:particlesof850to500 jimintheratioof29.3 
%;particlesof500to300 (imintheratioof39.4%;particlesof300to150 ^mintheratioof27.6%;andparticlesof 
5 notlargerthaniSO |amintheratioof3.7%.inaddition,thesoiidconteniandiheb 
particles(A1)weremeasured,andtheirresultsareshowninTable1. 

(EXAMPLEA-2): 

10 [0066] FirstJ,000gof30%polyethylenimine(tradename:EpominP-1000,producedbyNipponShokubaiCo., 
Ltd.)wasplacedintoabeakerof2litersasfurnishedwithastirrertostirthecontents.Next,acrosslinkingagentsolu- 
tionwasaddedtheretounderstirring.whereinthecrosslinkingagentsolutionwaspreparedbydissolvinglSgofN.N'- 
methylenebisacrylamide(producedbyNittoChemicallndustryCo.,Ltd^(crosslinkingagent)intoamixe 
100gofpurewaterand200gofmethanolThen,theresultantmixturewasstirredfor1minutetoobtainahomogene-- 

15 oussoIution.Thereafter,thevesselwassealed,andthenplacedintoanincubatorof60 °Ctocarryoutareaction.After 
3hours,thesystemtemperaturewascooleddowntoroomtemperature,aridtheresultantlumpedgelwaspulverized 
withameatchopperwith2.4mmaperture.Theresu]tantpowderyhydrogelwasdriedat60 °Cwithhotairfor2hours, 
andthen3gofinorganicfineparticles(tradename:AerosilR972,producedbyNipponAerosilCo.,Ltd.)wereadded 
totheresultantdried product, and they were weil blended sothattheinorganicfineparticiescould uniformly bedis- 

20 persed.Theresultantblendwaspulverizedwithalaboratorypulverizerintoparticlediametersofnotlargerthan850 

^m,thusobtainingcationiccrosslinkedpolymerparticles(A2).The850- ^m-passedyieldwas76.1%.Thecrosslinked 
polymerparticles(A2)exhibitedanabsorptioncapacityof9.2g/gforphysiofogicalsalinesolutionwithoutload.lnaddi- 
tion,thecrosslinkedpolymerparticles(A2)comprised:particlesof850to500 jimintheratioof54.3%;partictesof500 
to300 umintheratioof33.8%;particlesof300to150 pmintheratioofl 1 .3%;andparticlesofnotlargerthan150 

25 ^mintheratic>of0.6%Jnaddition,thesolidcontentandthebulkdensityofthecrosslinkedpolymerpartic 
measured, andtheirresultsareshowninTablel. 

(EXAMPLEA-3): 

30 [0067] First, 1 ,000gof30%polyethylenimine(tradename: EpominP-1 000, produced by NipponShokubaiCo., 
Ltd.)wasplacedintoabeakerof2litersasfurnishedwithastirrertostirthecontents.Next,acrosstinkingagentsofu- 
tionwasaddedtheretounderstirring,whereinthecrosslinkingagentsolutionwaspreparedbydissolving30gofN,N'- 
methylenebisacrylamide(produced by NittoChemical Industry Co., Ltd.) (crosslinkingagent)intoa mixed solventof 
200gofpurewaterand200gofmethanol.Then,theresultantmixturewasstirredfor1minutetoobtainahomogene- 

35 oussolution.Thereafter,thevesseiwassealed,andthenplacedintoanincubatorof60 °aocarryoutareaction. After 

3hours,thesystemtemperaturewascooleddowntoroomtemperature,andtheresuftantlumpedgelwaspulverized 
withalaboratorypulverizetintoparticlediametersofnotlargerthan850 ^m.Theresultantpowderyhydrogelwasdried 
at60 o Cwithhotairfor2hours,andthen0.9gofinorganicfineparticles(tradename:AerosilR972,producedbyNip- 
ponAerosilCo.,Ltd.)wereaddedtotheresultantdriedproduct > andtheywerewellblendedsothattheinorganicfine 

40 particles could uniformly bedispersed. The resultantblend was pulverized with a laboratory pulverizer into particle 

diametersofnotlargerthan850 pm,thusobtainingcationiccrosslinkedpolymerparticles(A3).The850- u.m-passed 
yield was 98 %. An electron photomicrograph of the crosslinked polymer particles (A3) is shown in Fig. t . The 
crosslinkedpo!ymerparticles(A3)exhibitedanabsorptioncapacityof7.6g/gforphysiologicalsalinesolutionwithout 
load.lnaddition,thecrossiinkedpolymerparticles(A3)comprised:particlesof850to500 ujriintheratioof22.6%; 

45 particlesof500to300 u.mintheratioof35.1%;particlesof300to150 pmintheratioof34.6%;andparticlesofnot 
Iargerthan150 pmtntheratioof7.7%.lnaddition,thesolidcontentandthebulkdensityofthecrosslinkedpolymer 
partic!es(A3)weremeasured,andtheirresultsareshowninTable1. 

(COMPARATiVEEXAMPLEA-1): 

50 

[0068] First,600mlofcyclohexanesoiution,containing6gofinorganicfinepartic!es(tradename:AerosilR972, 
produced byNipponAerosilCo., Ltd. ),wasplacedintoaseparableflaskof2literswithadroppingfunnel,astirrer,a 
thermometer,arefiuxcondenser,andabuilt-inbaffle,andthenstirredatroomtemperature.Next,acrosslinkingagent 
solution,aspreparedbydissoiving10.12gofN,N'-methylenebisacrylamide(producedbyNittoChemicallndustryCo., 
55 Ltd.)(asthecrosslinkingagent)intoamixedsolventcomprising50gofpurewaterand100gofmethano!,wasadded 

understirringtoanaqueoushydrophilichigh-molecularcompoundsolutionhavingbeencooledtoO °Cbeforehandand 

comprising337.3gof30%po!yethylenimine(tradename:EpominP1000,producedbyNipponShokubaiCo.,Ltd.)and 

102.5gofpurewater,thuspreparinganaqueousliquidcontainingacrosslinkingagentandahydrophilichigh-molec- 
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ularcompound.Then.thissolutionwasaddedtotheabovecyclohexanesolutionatroomtemperatureunderstirrin 
Understirring,thetemperatureofthesystemwasgraduallyraisedto65 °C,andthereactionwascarriedoutat65 °C 

for^hoursThen,thetemperatureofthesystemwascooledtoroomtemperature,andtheresultantsphericaihydrogel 
wasfiltratedbysuction,andthennotwashedwithwater,butdriedat60 °Cwithhotairfor2hours,thusobtainingcati- 
oniccrossiinkedpolymerparticies(A4)Thiscrossiinkedpoiymerparticies(A4)exhibitedanabsorption 
g/gforphysiologicatealinesolutionwitho 

of850to500 u.mintheratioof54.1 %;particlesof500to300 pmintheratioof29.9%;particlesof300to150 ^min 

theratioof14.2%;andparticlesofnotlargerthan150 |xmintheratioof1.8%.lnaddition,thesolidcontentandthe 
bulkdensityofthecrosslinkedpolymerparticles(A4)weremeasured,andtheirresultsareshowninTable1. 

(COMPARATIVE EXAM PLEA-2): 

[0069] Firet,600mlofcyclohexanesolution,containing6gofinorganicfineparticles(tradename:AerosilR972, 

producedbyNipponAerosilCo.,Ltd.),wasplacedintoaseparableflaskof2literswtthadroppingfunnel,astirrer,a 

thermometer,arefluxcondenser,andabuilt-inbaffle,andthenstirredatroomtemperature.Next,21.8gof50%aque- 

oussolutionofethyleneglycoldiglycidy!ether(tradename:DenacolEX-810 T producedbyNagaseChemicals,Ltd.)(as 

thecrosslinkingagent)wasaddedunderstirringtoanaqueoushydrophiiichigh-mo!ecularcompoundsolutionhaving 

beencooledtoO °Cbeforehandandcomprising337.3gof30%polyethylenimine(tradename:EpominP1000,pro- 

duced by Nippon Shokubai Co., Ltd.) and 1 02.5 g of pure water, thus preparing an aqueous liquid containing a 

crosslinkingagentandahydrophilichigh-mo!ecularcompound.Then,thissolutionwasaddedtotheabovecyclohex- 

anesolutionatroomtemperatureunderstirring.Understirring.thetemperatureofthesystemwasgraduallyraisedto 

65 °C,andthereactionwascarriedoutat65 °Cfor3hours.Then,thetemperatureofthesystemwascooledtoroom 

temperature,andtheresultantsphericalhydrogelwasfiltratedbysuction,andthennotwashedwithwater,butdriedat 

60 0 Cwithhotatrfor2hours,thusobtainingcationiccrosslrnkedpolymerparticles(A5).Aneiectronphotomicrograph 

onhecrosslinkedpolymerparticles(A5)isshowninFig.2Thiscrosslinkedpolymerparticles(A5)exhibitedanabsorp- 

tioncapacityof9.5g/gforphysiologicalsalinesolutionwithoutload.lnaddition,astothecrosslinkedpolymerparticles 

(A5),theyieldofparticlesof850to150 |imwas99%ofthechargedrawmaterials.lnaddition,thecrosslinkedpolymer 

particles(A5)comprised:particlesof850to500 ^mintheratioofl 1 .9%;particlesof500to300 u.mintheratioof43.0 

%;particlesof300to150 pmintheratioof44.1 %;andpartic!esofnotlargerthan150 umintheratioofl .0%.The 

solidcontentandthebulkdensityofthecrosslinkedpolymerparticles(A5)weremeasured,andtheiiTesultsareshow 

inTablel. 

(REFERENTIALEXAMPLEB-1) 

[0070] First,70.00partsofacrylicacid,0.15partsofN,N'-methylenebisacrylamide(copolymerizablecrosslinking 
agent), and275.32partsofdeionizedwaterweremixed.Theresultantmixturewasdegassedwithnttrogengasfor60 
minutesandthenputintoanairtightvesselpossibletoopenandclose.andthedisplacementoftheinternalairofthe 
reactionsystemwithnitrogenwascontinuedwiththeiiquidtemperaturekeptat23 °Cunderthenitrogenatmosphere. 
Next,2.12partsof1 0weight%aqueous2 > 2'-azobis(2-amidinopropane)dihydrochloridesolution,0.67partof1 Oweight 
% aqueous hydrogenperoxidesolution, and 1. 75 partsofl weight%aqueousL-ascorbicacidsolutionwereadded 
underetirring.Asaresult,after3minutes,apolymerizationreactiongotstarted,andafter25minutes,thereactionsys- 
temreachedthepeaktemperature.Thirtyminutesafterthepolymerizationtemperaturereacheditspeak.theresultant 
crosslinked hydrogel polymer was got out and then caused to pass through a meat chopper, thus obtaining a 
crosslinkedhydrogelpolymerasfinelydivided.Thispolymerwasdriedinahot-airdrierof150 °Cfor1hour.Theresult- 
antdriedproductwaspulverizedwithalaboratorypulverizer.andtheresultantpulverizedproductwassievedwitha 
wiregauzeof850 uminmeshopeningsizetoseparatewhatpassedthroughit.thusobtaininganioniccrossiinkedpol- 
ymerpartic!es(B1).Thiscrosslinkedpolymerparticles(B1)exhibitedanabsorptioncapacityof7.1g/gforphysiological 
salinesolutionwithoutload.Thecross!inkedpolymerparticles(B1)comprised:particlesof850to500 u.minthe ratio 

Of33.7%;particlesof500to300 umintheratioof45.3%;particlesof300to150 u.mintheratioof1 9.8%;andparti- 

clesofnotlargerthan150 jo.mintheratioof1 .2%. 

(REFERENTIALEXAMPLEB-2) 

[0071] First, 70. 00partsofacrylicacid,0.30partsofN,N'-methylenebisacrylamide(copolymerizablecrosslinking 
agent), and275.17partsofdeionizedwaterweremixed.Theresultantmixturewasdegassedwithnitrogengasfor60 
minutesandthenputintoanairtightvesselpossibletoopenandclose,andthedisplacementoftheinternalairofthe 
reactionsystemwithnitrogenwascontinuedwiththeliquidtemperaturekeptat23 °Cunderthenitrogenatmosphere. 
Next,2.12partsof10weight%aqueous2,2 , -azobis(2-amidinopropane)dihydrochloridesolution,0.67partof1 Oweight 
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%aqueous hydrogen peroxide solution, and 1. 75 partsof1weight% aqueous L-ascorbicacid solution wereadded 

understirring.Asaresult,after3minutes,apolymerizationreactiongotstarted,andafter25minutes,thereactionsys- 

temreachedthepeaktemperatureThirtyminutesatterthepolymerizatiom 

crosslinked hydrogel polymer was got out and then caused to pass through a meat chopper, thus obtaining a 
crosslinkedhydrogelpolymerasfinelydivided.Thispoiymerwasdriedinahot-airdrieroflSO °Cfor1hour.Theresuit- 
antdriedproductwaspulverizedwithalaboratorypuiverizer.andtheresuitantpuiverizedproductwassievedwitha 
wiregauzeof850 p.minmeshopeningsizetoseparatewhatpassedthroughit,thusobtaininganioniccrosslinkedpol- 
ymeroarticles(B2).Thiscrosslirikedpolymerparticles(B2)exhibitedanabsorptioncapacityof5.9g/gforphysiological 
salinesolutionwithoutload.Thecross!inkedpolymerparticles(B2)comprised:particlesof850to500 jxminthe ratio 

of39.0%;particlesof500to300 jimintheratioof39.0%;particlesof300to150 umintheratioof21 .8%;andparti- 

clesofnotlargerthanl 50 p.mintheratioofO.2%. 

(REFERENT1ALEXAMPLEB-3) 

[0072] First,70.00partsofacrylicacid,0.45partsofN,N'-methylenebisacrylamide(copolymerizablecrosslinking 
agent), and274.99partsofdeionizedwaterweremixed.Theresuttantmixturewasdegassedwithnitrogengasfor60 
minutesandthenputintoanairtightvesselpossibletoopenandclose.andthedisplacementoftheinternalairofthe 
reactionsystemwithnitrogenwascontinuedwiththeliquidtemperaturekeptat23 °Cunderthenitrogenatmosphere. 
Next,2.12partsof1 0weight%aqueous2,2 , -azobis(2-amtdinopropane)dihydrochloridesolution,0.70partof1 Oweight 
%aqueoushydrogenperoxidesoiution,and1.75partsof1weight%aqueousL-ascorbicacidsolutionwereadded 
understirrtng.Asaresult.afterSminutes.apolymerizationreactiongotstarted.andafter^Sminutes.thereactionsys- 
temreachedthepeaktemperature.Thirtyminutesafterthepoiymerizationtemperaturereacheditspeak,theresu!tant 
crosslinked hydrogel polymer was got out and then caused to pass through a meat chopper, thus obtaining a 
crosslinkedhydrogelpolymerasfinelydivided.Thispo]ymerwasdriedinahot-airdrierof150 °Cfor1hour.Theresult- 
antdriedproductwaspulverizedwithalaboratory pulverizer, andtheresultantpulverized prod uctwassievedwitha 
wiregauzeof850 |j.minmeshopeningsizetoseparatewhatpassedthroughit,thusobtaininganioniccross!inkedpol- 
ymerparticles(B3).Thiscrossiinkedpolymerparticies(B3)exhibitedanabsorptioncapacityof5.6g/gforphysiological 
salinesolutionwithoutload.Thecross!inkedpolymerparticles(B3)comprised:particlesof850to500 pmintheratio 
of34. 1 %;particlesof500to300 umintheratioof42.5%;particlesof300to1 50 umintheratioof22. 1 %;andparti- 

clesofnotlargerthan150 (amintheratioof1.3%.lnaddition,thesolidcorttentandthebulkdensityweremeasured, 
andtheirresultsareshowninTablel. 

(REFERENTIALEXAMPLEB-4) 

[0073] First, 70.00partsofacry!icacid,0.60partsofN,N'-methyienebisacrylamide{copoiymerizablecrosslinking 
agent), and274.84partsofdeionizedwaterweremixed.Theresultantmixturewasdegassedwithnitrogengasfor60 
minutesandthenputintoanairttghtvesseipossibletoopenandciose.andthedisplacementoftheinternalairofthe 
reactionsystemwithnitrogenwascontinuedwiththeliquidtemperaturekeptat23 °Cunderthenitrogenatmosphere. 
Next,2.12partsof10weight%aqueous2,2'-azobis(2-amidinopropane)dihydrochioridesolution,0.7partof1 Oweight 
%aqueous hydrogen peroxidesolution, and 1.75partsof1weight%aqueous L-ascorbicacid solution wereadded 
understirring.Asaresult,after3minutes,apolymerizationreactiongotstarted,andafter25minutes,thereactionsys- 
temreachedthepeaktemperature.Thirtyminutesafterthepolymerizationtemperaturereacheditspeak.theresultant 
crosslinked hydrogel polymer was got out and then caused to pass through a meat chopper, thus obtaining a 
crosslinkedhydroge1polymerasflnelydivided.Thispoiymerwasdriedinahot-airdrierof150 °Cfor1hour.Theresult- 
antdried prod uctwas pulverized with a laboratory pulverizer, andtheresultantpulverizedproductwassievedwitha 
wiregauzeof850 pminmeshopeningsizetoseparatewhatpassedthroughit.thusobtaininganioniccrosslinkedpo!- 
ymerparticles(B4)Thiscrosslinkedpolymerparticles(B4)exhibitedanabsorptioncapacityof5.2g/gforphysiological 
salinesolutionwithoutload.Thecrosslinkedpolymerparticles(B4)comprised:particlesof850to500 u,mintheratio 
Of36.3%;partic!esof500to300 pmintheratioof42.5%;particlesof300to150 nm i nth e rati oof20. 3%; and parti - 

clesofnotlargerthanl 50 p.mintheratioofO.9%. 
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Tablel 





Crosslinkedpolymer 


Particlediameter((j. m) 


Soltdcontent(%) 


Bulkdensity(g/ml) 




particles 








ExampleA-1 


(A1) 


850to500 


88.6 


0.393 






500to300 


87.4 


0.353 






300to150 


86.6 


0.314 






Whole{not!argerthan850) 


87.3 


0.310 


ExampleA-2 


(A2) 


850to500 


85.8 


0.237 






500to300 


85.9 


0.252 






300to150 


85.5 


0.260 






Whole(notlargerthan850) 


85.7 


0.257 


ExampleA-3 


(A3) 


850to500 


90.9 


0.269 






500to300 


90.9 


0.281 






300to150 


90.9 


0.314 






Whoie(notlargerthan850) 


90.9 


0.297 


Comparative 


\r"/ 


850to500 


87.3 


0.610 


ExampleA-1 




500to300 


87.1 


0.617 






300to150 


85.9 


0.634 






Whole(notlargerthan850) 


86.3 


0.625 


Comparative 


(A5) 


850to500 


85.4 


0.660 


ExampleA-2 




500to300 


85.3 


0.601 






300to150 


84.8 


0.644 






Whole(notlargerthan850) 


85.1 


0.654 


ReferentialExam- 


(B3) 


850to500 


98.4 


0.620 


pleB-3 




500to300 


98.4 


0.616 






300to150 


98.1 


0.610 






Whole(notlargerthan850) 


98.3 


0.625 



(EXAMPLES1to4): 

[0074] Onehundredweightpartsofparticles,havingparticlediametersintherangeof500to300 ^im.ofthecati- 
oniccrosslmkedpolymerparticles(A3)weredry-blende^ 

{B1),(B2),{B3),and(B4)(havingparticlediametersofnotiargerthan850 (j.m)respectively,thusobtaining200weight 

partsofparticuiatewater-swellablecrosslinkedpo!ymercompositions(1),(2),(3),and(4)respectively.Theirabsorption 

capacitiesforasaltwater(1,000gintotatweightaspreparedbyaddingdeionizedwater(solvent)to2.0gofpotassium 

chloride, 2.0 gofsodiumsulfate,0.85gofammoniumdihydrogenpbosphate,0.15gofdiammoniumhydrogenphos- 

phate,0.25gofcalciumchloridedihydrate,and0.5gofmagnesiumchloridehexahydrate)underloadin4hoursand 

in20hoursareshowninTable2.TheiiresultsareshowninFigs.3and4.Fig.3showstheabsorptioncapacitiesunder 

loadin4hours,andFig.4showstheabsorptioncapacitiesunderloadin20hours. 

(COMPARATIVEEXAMPLES1to4): 

[0075] Onehundredweightpartsofparticles,havingparticlediametersintherangeof500to300 ^m,ofthecati- 
oniccrosslinkedpolymeiparticles{A4)weredry-blendedwith100weightpartsofanioniccrosslinkedpolymerpartic 
(B1),(B2),(B3),and(B4)(havingparticlediametersofnotlargerthan850 pm)respectively,thusobtaining200weight 
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partsolparticulatewater-swellablecro 

capacittesforasaltwater{1,000gintotalweightaspreparedbyaddingdeionizedwater(solvent)to2.0gofpotassium 

chloride,2.0gofsodiumsulfate,0.85gofammoniumdihydrogenphosphate,0.15gofdiammoniumhydrogenphos- 

phate,0.25gofcalciumch!oridedihydrate,and0.5gofmagnesiumchloridehexahydrate)underloadin4hoursand 

in20hoursareshowninTable3TheirresuitsareshowninFigs.3and4.Fig.3showsiheabsorptioncapacitiesin4 

hours,andFig.4showstheabsorptioncapacitiesin20hours. 



Table2 





Water- swella- 
blecrosslinked 
polymercom- 
position 


Cationic 
crosslinkedpol- 
ymerparticles 


Anionic 
crossiinkedpol- 
ymerparticles 


Bulkdensity 
(g/ml) 


Absor ptio nca pacity (g/g) 
underload 












4hours 


20hours 


Examplel 


(1) 


(A3) 


(B1) 


0.395 


44.1 


48.7 


Example2 


(2) 


(A3) 


(B2) 


0.386 


43.3 


47.3 


Example3 


(3) 


(A3) 


(B3) 


0.397 


41.7 


45.3 


Example4 


(4) 


(A3) 


(B4) 


0.381 


40.4 


44.8 



Table3 





Water-sweila- 
blecrosslinked 
polymercom- 
position 


Cationic 
cross! inked 
polymerparti- 
cles 


Anionic 
crosslinked 
polymerparti- 
cles 


Bulkdensity 
(g/ml) 


Absorptioncapacity(g/g) 
underload 












4hours 


20hours 


Comparative 
Examplel 


(5) 


(A4) 


(B1) 


0.612 


29.4 


33.3 


Comparative 
Examp!e2 


(6) 


(A4) 


(B2) 


0.605 


37.3 


42.6 


Comparative 
Example3 


(7) 


(A4) 


(B3) 


0.597 


36.7 


41.1 


Comparative 
Example4 


(8) 


(A4) 


(B4) 


0.610 


35.4 


40.4 



[0076] AsisshowninTables2and3,theabsorptioncapacitiesunderloadin4hoursandin20hoursarehigherin 

Examples1to4inwhichacationiccrossSinkedpolymerhavingabulkdensityofnotmorethan0.5g/mlwasusedthan 

inComparativeExamples1tc4inwhichacationiccrosslinkedpolymet1iavingabulkdensityo{morethan0.5g/m^ 

used-Thattheabsorptioncapacityunderloadin4hoursishighmeansthatthesaltwaterabsorptionratetsfast.The 

absorptioncapacityunderioadin20hoursindicatesalmostthesaturatedvalue,thereforethatthisishighmeansthat 

thesaturatedabsorptioncapacityvalue(absorptionquantity)underloadishigh. 

(EXAMPLES5and6): 

[0077] Theparticulatewater-sweilablecrosslinkedpolymercompositions(1)and(3)resultantfromExamples1and 

3respectivelyweremeasuredbytheabsorptioncapacitiesoftheupper,intermediate,and!owerlayersofthegelunder 

loadin4hoursandtheabsorptionefficiencyunderloadin4hours.TheirresultsareshowninTable4. 
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(COMPARATIVE EXAMPLES5and6): 

{0078] The particulatewater-swellablecrosslinked polymer compositions (5) and (7) resultantfrom Comparative 

Examples1and3respectivelyweremeasuredbytheabsorptioncapacitiesoftheupper,intermediate,andloweriayers 

ofthegelunderloadin4hoursandtheabsorptionefficiencyunderloadin4hours.TheirresultsareshowninTable4. 



Table4 





Water-swellable 
crosslinkedpol- 
ymercomposi- 
tion 


Absorption 
capacity(g/g)of 
upperlayerofgei 


Absorption 
capacity(g/g)of 
intermediatdayer 
of gel 


Absorption 
capacity(g/g)of 
lowerlayerofgel 


Absorptioneffi- 
ctencyunderload 


Example5 


(1) 


51.6 


49.1 


27.4 


1.88 


Exam pi e6 


(3) 


48.1 


46.3 


30.1 


1.60 


Comparative 
Example5 


(5) 


30.8 


28.8 


27.6 


1.12 


Comparative 
Example6 


(7) 


35.4 


42.9 


33.3 


1.06 



[0079] AsisshowninTable4,theabsorptionefficiencyunderloadishigherinExamples5and6inwhichacationic 

crosslinkedpolymerhavingabulkdensityofnotmorethan0.5g/mlwasusedthaninComparativeExamples5and6 

inwhichacationiccrosslinkedpolymerhavingabulkdensityofmorethan0.5g/miwasused.Thisindicatesthatthe 

liquidpermeabilityfromtheloweriayer(whichistheciosesttotheiiqiiid-absorbedportion)totheupperlayer(whichis 

thefarthestfromtheliquid-absorbedportion)ishigh,wh 

wasmade. 

(EXAMPLE7): 

[0080] Particleshavingparticlediametersintherangeof850to500 ^m.particleshavingparticiediametersinthe 
rangeof500to300 (j.m,andparticleshavingparticlediametersofnotlargerthan300 |im,ofthecationiccrosslinked 
polymerparticles(A3),weredry-blendedinanamountof100weightpartsrespective!ywith10Ctoeightpartsofanionic 
crosslinked polymer particles (B3) (having particlediameters of not largerthan 850 jnm),thusobtainmg200weight 
partsofparticulatewater-swellablecrosslinkedpolymercompositions(9)to(11)respectively.Theirabsorptioncapaci- 
tiesfo rasaltwater( 1 ,000g i ntotal we ig hta sprepa red bya d d i ng d eion izedwater(solvent)to2 . Ogof potassi u mch lo- 
ride,2.0gofsodiumsu!fate,0.85gofammoniumdihydrogenphosphate,0.15gofdiammoniumhydrogenphosphate, 
O^Sgofcalciumchloridedihydrate.andO.SgofmagnesiumchioridehexahydrateJunderloadOnO.OSShourjnO.S 
hour,in1hour,in4hours,andin20hours)areshowninTable5. 

(COMPARATiVEEXAMPLE7): 

[0081] Particleshavingparttclediametersintherangeof850to500 jam.particleshavingparticlediametersinthe 

rangeof500to300 p.m,andparticleshavingparticlediametersofnot!argerthan300 ^im.ofthecationiccrosslinked 

polymerparticles(A4),weredry~blendedinanamountof100weightpartsrespectivelywith100weightpartsofanionic 

crosslinked po!ymerparticles(B3) (having particlediametersofnotlargerthan 850 p.m),thusobtaining200 weight 

partsofparticulatewater-swe!lablecrossiinkedpolymercompositions(12)to(14)respectively.Theirabsorptioncapac- 

itiesforasaltwater(1,000gintotalweightaspreparedbyaddingdeionizedwater(solvent)to2.0gofpotassiumchlo- 

ride,2.0gofsod!umsu!fate,0.85gofammoniumdihydrogenphosphate,0.15gofdiammoniumhydrogenphosphate, 

0.25gofcalciumchloridedihydrate,and0.5gofmagnesiumch!oridehexahydrate)underload(in0.083hour,in0.5 

hour,in1hour,in4hours,andin20hours)areshowninTabie5. 
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Tables 





ComparativeExampie7 


Example7 


Particlediameter(u. m) 


850to500 


500to300 


^otlarger 
than300 


850to500 


500to300 


Notlarger 
than300 


Water-swel la blecrossl inked 
polymerco imposition 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


Absorption 
capacity 
(g/g)under 
load 


0.083hr 


7.3 


9.4 


11.8 


12.0 


15.1 


15.9 


0.5hr 


15.8 


20.5 


21.8 


23.7 


27.8 


28.6 


1hr 


21.0 


26.6 


26.0 


28.5 


33.3 


33.5 


4hr 


31.4 


36.7 


36.9 


36.6 


41.7 


40.5 


20hr 


38.3 


41.1 


39.8 


40.4 


45.3 


43.2 



[0082] AsisshowninTable5,intbecasewherethebulkdensityismorethan0.5g/ml,asmallparticlediameter 

involvesenlargingthesurfacearea,thereforeresultinglnafastabsorptionrate(highabsorptioncapacityinashort 

periodoftime),butratherloweringthesaturatedabsorptioncapacityvalue(absorptioncapacityin20hours).Onthe 

otherhandjnthecasewherethebulkdensityisnotmorethan0.5g/rnl,theabsorptionrateisfast(theabsorption 

capacityinashortperiodoftimeishigh),andfurther,thesaturatedabsorptioncapacityvalue(absorptioncapacityin 

20hours)ishigh.ltisinferredthatthereasonwhytheabsorptionrateisfastisbecausetheinternalsurfaceareais 

large.andthatthereasonwhythesaturatedabsorptioncapacityvalueishighisbecausetheiiquidpermeabilityinthe 

initialstageofthewaterabsorptionishigh.(EXAMPLES8to11): 

[0083] Thecationiccrosslinkedpolymerparticles(A1)and(A2)havingparticlediametersofnotlargerthan850 u.m 
weredry-blendedinanamountof100weightpartsrespectivelywith100weightpartsofanioniccrosslinked polymer 
particles(B1)and(B3)(havingparticlediametersofnotlargerthan850 um)respectively,thusobtaining200 weight 

partsofparticulatewater-swellablecrosslinkedpolymercompositions(15)to(18)respectively.Theirabsorptioncapac- 
itiesforasaltwater(1,000gintotalweightaspreparedbyaddingdeionizedwater(solvent)to2.0gofpotassiumchlo- 
ride,2.0gofsodiumsulfate,0.85gofammoniumdihydrogenphosphate,0.15gofdiammoniumhydrogenphosphate, 
0.25gofcaiciumchloridedihydrate,and0.5gofrnagnesiumchlor!dehexahydrate)underloadin4hoursandin20 
hoursareshowninTab!e6. 

(COMPARATIVEEXAMPLES8and9): 

[0084] ThecationiccrossIinkedpolymerparticles(A5) having particlediametersofnotlargerthan 850 u,mwere 
dry-blendedinanamountof100weightpartswith100weightpartsofanioniccrosslinkedpolymerparticles(B1)and 
(B3)(havingparticlediametersofnotlargerthan850 u,m)respectively,thusobtaining200weightpartsofparticulate 
water-swel la ble crosslinked polymer compositions (1 9) and (20) respectively. Their absorption capacities for a salt 
water(1,000gintotalweightaspreparedbyaddingdeionizedwater(solvent)to2.0gofpotassiumchloride,2.0gof 
sodiumsulfate,0.85gofammoniumdihydrogenphosphate,0.15gofdiammoniumhydrogenphosphate,0.25gofcal- 
ciumchloridedihydrate, and 0.5 gof magnesium chloridehexahydrate) underload in4hoursand in 20 hours are 
showninTable6. 



Table6 





Water-swella- 
blecrosslinked 
polymerco im- 
position 


Cationic 
crosslinked 
polymerparti- 
cles 


Anionic 
crosslinked 
polymerparti- 
cles 


Bulkdensity 
(g/ml) 


Absorptioncapacity(g/g) 
underload 












4hours 


20hours 


Example8 


(15) 


(A1) 


(B1) 


0.383 


42.5 


46.0 


Example9 


(16) 


(A1) 


(B3) 


0.399 


42.1 


45.2 
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Table6 (continued) 





Water-swella- 
biecross! inked 
polymercom- 
position 


Cationic 
crosslinked 
polymerparti- 
cles 


Anionic 
crosslinked 
poiymerparti- 
cles 


Bulkdensity 
(g/ml) 


Absorptioncapacity(g/g) 
underload 












4hours 


20hours 


ExamplelO 


(17) 


(A2) 


(B1) 


0.373 


41.4 


44.6 


Examplel 1 


(18) 


(A2) 


(B3) 


0.365 


40.0 


43.1 


Comparative 
Example8 


(19) 


(A5) 


(B1) 


0.621 


29.0 


34.4 


Comparative 
Example9 


(20) 


(A5) 


(B3) 


0.611 


37.6 


42.0 



[0085] AsisshownsnTable6,theabsorptioncapacitiesunderloadin4hoursandin20hoursarehigherinExam- 

ples8to11inwhichcationiccrosslinkedpolymershavingabuikdensityofnotmorethan0.5g/mlwereusedthanin 

ComparativeExamples8and9inwhichacationiccrosslinkedpolymerhavingabulkdensityofrnorethan0.5g/mlwas 

used. Thattheabsorptioncapacityunderloadin4hoursishighmeansthatthesaltwaterabsorptionrateisfast. The 

absorptioncapacityunderloadin20hoursindicatesalmostthesaturatedvalue,thereforethatthisishighmeansthat 

thesaturatedabsorptioncapacityvalue(absorptionquantity)underloadishigh. 

(EXAMPLES12and13): 

[0086] Thecationiccrosslinkedpolymerparticles(A1)and(A3)havingparticlediametersofnotlargerthan850 ju.m 

weredry-blendedinanamountof40weightpartsrespectivelywith60weightpartsofanioniccrosslinkedpolymerpar- 

tic!es(B3)(havingparticlediametersofnotfargerthan850 um),thusobtaining100weightpartsofparticulatewater- 

swellable crosslinked poiymercompositions (21) and (22) respectively. Theirabsorption capacities for a saltwater 

(1,000gintotalweightaspreparedbyaddingdeionizedwater(solvent)to2.0gofpotassiumchioride,2.0gofsodium 

sulfate,0.85gofammoniumdihydrogenphosphate,0.15gofdiammoniumhydrogenphosphate,0.25gofcalciumchlo- 

ridedihydrate,and0.5gofmagnesiumchforidehexahydrate)underioadin4hoursandin20hoursareshowninTable 

7. 

(COMPARATIVEEXAMPLE10): 

[0087] Thecationiccrosslinkedpolymerparticles(A5)havingparttclediametersofnotlargerthan850 (am were 

dry-blendedinanamountof40weightpartswith60weightpartsofanioniccrosslinkedpolymerparticles(B3)(having 

particlediametersofnotlargerthan850 |j.m),thusobtaining100weightpartsofparticulatewater-swe)lablecrossl inked 

polymercomposition(23).Theirabsorptioncapacitiesforasa!twater(1,000gintotalweightaspreparedbyadding 

deionizedwater{solvent)to2.0gofpotassiumchloride,2.0gofsodiumsulfate,0.85gofammoniumdihydrogenphos- 

phate.0.15gofdiammoniumhydrogenphosphate,0.25gofcalciumchloridedihydrate ( and0.5gofmagnesiumchlo- 

ridehexahydrate)underloadin4hoursandin20hoursareshowninTable7. 



Table7 





Water-swella- 
blecrossl inked 
polymercom- 
position 


Cationic 
crosslinked 
polymerparti- 
cles 


Anionic 
crosslinked 
polymerparti- 
cles 


Bulkdensity 
(g/ml) 


Absorptioncapacity(gZg) 
underload 












4hours 


20hours 


Examplel 2 


(21) 


(A1) 


(B3) 


0.431 


40.5 


44.2 


Examplel 3 


(22) 


(A3) 


(B3) 


0.433 


40.7 


44.5 


Comparative 
ExamplelO 


(23) 


(A5) 


(B3) 


0.623 


37.1 


41.3 
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[0088] AsisshowninTable7,theabsorptioncapacitiesunderloadin4hoursandin20hoursarehigherinExam- 
ples12and13inwhichcationiccrosslinkedpolymershavingabulkdensityofo^ 

inComparativeExample10inwhichacationiccrosslinkedpolymerhavingabulkdensityofmorethan0.5g/mlwas 
used.Thattheabsorptioncapacityunderloadin4hoursishighmeansthatthesattwaterabsorptionrateisfast.The 
absorptioncapacityunderioadin20hoursindicatesaimostihesaturatedvaiue,thereforethatthisishighmeansthat 
thesaturatedabsorptioncapacityva!ue(absorptionquantity)underloadishigh. 

(REFERENTIALEXAMPLEC-1): 

[0089] Anaqueousmonomersolutionwaspreparedbydissolving270gofacrylicacid,0.4gofN,N'-methylenebi- 
sacryiamide,0.547gofsodiumpersulfate,and0.157gof2-hydroxy-2-methylpropiophenoneinto810gofdeionized 
water,andthendegassedbyblowingnitrogeninfor15minutes.ThisaqueousmonomersoIutioriwaspouredintoa 
shallowglassdish,andthenirradiatedwithultravioietraysof15mW/cm 2 for25minutestocarryoutpolymertzation, 
thusobtainingacrossiinkedpolyacrylicacidgel. 

(COMPARATIVEEXAMPLE1 1): 

[0090] Ethyleneglycoldiglycidylether(tradename:*'DenacolEX-810,"producedbyNagaseChemicals,Ltd.)was 
added Jntheraticof1.5moi%,toanaqueouspolyethyleniminesolution(tradename:"EPOMINP-1000,"producedby 
NipponShokubaiCo. ,Ltd.),asdilutedto1 0%,tocarryoutareactionat60 °Cfor1 6hours,thusobtainingacrosslinked 

polyethyleninriinegel.Then,37.4parts(intermsofsolidcontent)oftheresultantcross!inkedpolyethyleniminegeland 
62. 6 parts(intermsofsolidcontent)ofthecrosslinkedpolyacrylicacidgel,asobtained in Referential Example C-1, 
were separately pulverized intoftne pieces in extruders, and then mixed. Theresultantmixturewascausedtotwice 
passthroughameatchopper.thusobtainingakneadedproductinwhichbothgelswereuniformlykneadedandthesoft 
gelswereco-formedintoamicrodomain.Theresultantkneadedproductwasdriedat60 °Cinanovenfor16hours. 
lnorganicfineparticles(tradename:"AerosilA-200,"producedbyNipponAeros!lCo.,Ltd.)wereaddedtotheresultant 
driedproductintheratioof0.5%(relativetothedriedproduct),andtheresultantmixturewasfreeze-driedtoseparate 
particlesof850to150 ^m,thusobtainingawater-swel la blecrossl inked polymercomposition(24). 
[0091] Thiscompositionhadabulkdensityof0.55g/mlandexhibitedadesaltingamountof0.29g/g,andfurther 
exhibitedabsorptioncapacitiesof18.9g/g,25.6g/g,and29.6g/gunderload(underaloadof50g/cm 2 )in1hour,in4 
hours, andin20hoursrespectively. 

(COMPARATIVEEXAMPLE12): 

[0092] Ethyleneglycoidiglycidylether(tradename:"Denaco!EX-810,"producedbyNagaseChemicals,Ltd.)was 

addedJntheraticof1.0mol% l toanaqueouspolyethyleniminesolution(tradename: M EPOMINP-1000,"producedby 

NipponShokubaiCo., Ltd. ),asdilutedto20%,tocarryoutareactionat60 °Cfor16hours,thusobtainingacrossl inked 

polyethyleniminegel.Then,37.4parts(tntermsofsolidcontent)oftheresultantcrosslinkedpoiyethyleniminegeland 

62. 6parts(intermsofsolidcontent)ofthecrosslinkedpolyacrylicacidgel,asobtainedin Referential ExampleC-1, 

were separately pulverized intoflne pieces in extruders, and thenmixed. The resultantmixturewascaused to twice 

passthroughameatchopper.thusobtainingakneadedproductinwhichbothgelswereuniformlykneadedandthesoft 

gelswereco-formedintoamicrodomain.Theresultantkneadedproductwasdriedateo °Cinanovenfor16hours. 

lnorganicfineparticles(tradename: M AerosilA-200,"producedbyNipponAerosi!Co.,Ltd.)wereaddedtotheresultant 

driedproductintheratioof0.5%(relativetothedriedproduct),andtheresultantmixturewasfreeze-driedtoseparate 

particlesof850to150 u.m,thusobtasningawater-swellabiecrosslinkedpoiymercomposition(25). 

[0093] Thiscompositionhadabuikdensityof0.53g/mlandexhibitedadesaltingamountof0.29g/g,andfurther 

exhibitedabsorptioncapacitiesof25.8g/g,31.5g/g,and31.3g/gunderload(underaloadof50g/cm 2 )in1hour,in4 

hours,andin20hoursrespectively. 

(EXAMPLE14): 

[0094] Theparticulatewater-sweilablecrosslinkedpolymercomposition(21),asobtainedinExample12,hada 
bulkdensityof0.431g/mlandexhibitedadesaitingamountof0.41g/g,andfurtherexhibitedabsorptioncapacitiesof 
33.5g/g,40.5g/g,and44.2g/gunder!oad(underaloadof50g/cm 2 )in1hour,in4hours,andin20hoursrespectively. 
[0095] AsisclearfromthecomparisonofComparativeExamples11and12withExample14,thewater-swellable 
crosslinked polymercomposition according to the present invention, as obtained by dry-blending, exhibited a more 
excellentvalueinrespecttoeachofthedesaltingamountandtheabsorptioncapacityunderloadthanthecom positions 
inwhichamicrodomainwasformed. 
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(EXAMPLE15): 

[0096J Firet,1,000gofa50weight%aqueouspolyethyfenfminesolution(wei9ht-averagemoleculaweight;about 
70,000,aqueoussolutionviscosity:about17,OOOmPa s,tradename:EpombP-1050,producedbyNipponShokubai 
Co.,Ltd.)wasp.'acedintcabeakerof2)jters.Next,w^ 

it became clouded. Thereafter, 50gof ethyleneglycoldiglycidyl ether (trade name: Denacol EX-810, produced by 
NagaseChemicals,UtdJ(crosslinkingagent)wasaddedtheretotomixthemunt^ahomogeneoussoiutionwasformed. 
Theresultantmixedsolutionwasplacedintoanincubatorof60 °Ctocarryoutacrosslinkingreaction.Asaresu(t,gela- 
tion began afterabout1minute,andtheaqueoussolutionbecamesolidifiedafter5minutes. Then, after 1h.our.the 
resultantsolidwasgotoutandth en cooledtoexamineits volume. Its resultshowedthatthevolumehadtncreasedby 
0.6%ofthevolumeoftheoriginaisolutionduetobubbles-containing.Then,theresultantlumpedgelwasgotout,and 
thenpulveri2edwithalaboratorypulverizenntoparticlediametersofnotlargerthan850 p.m,andthendriedwithadry- 
ingovenof60 °Cfor2hours.Then,1 .5gofinorganicf»nepart.icles(tradename:AerosilR972,producedbyN5ppon 
AerosilCo.,Ltd.)wereaddedtotheresultantdriedparticles,andtheresultantblendwaspulverizedwithalaboratory 
pulverizer,thusobtainingwater-swellablecrosslinkedpolymeiparticle5(A6)havingparticlediametersofnotlargerthan 
850 i^mThewater-swellablecrosslinkedpolymerparticSes(A6)exhibitedanabsorptioncapacttyof6.2g/gforphysio- 
Iogicalsalineso]uttonwithoutioadandhadabu[kdensityof0.287g/ml. 

(EXAMPLE1 6): 

[0097J First, 1,000gofpolyethyienimine(weight-averagemolecularweight:about10,000,viscosity:about20, 000 

mPa s,tradename:EpominSP-200,producedbyNipponShokubaiCo.,Ltd.)of40 °Cwasplacedintoabeakerof2 

liters.Next,whilebeingwhipped,thispolymerwasstirreduntilitbecameclouded.Thereafter,100gofethyieneglycol 

diglycidyiether(tradename: Denacol EX-810,producedbyMagaseChemicals,Ltd.)(crosslinkingagent)wasadded 

theretotomixtriemuntilahomogeneousmixturewasformed.TheresultantmixturewasplacedintoanincubatorofoO 

°C to carry outa crosslink/rig reaction. Asaresult, gelation began afterabout 2 minutes, and the reaction mixture 

becamesolidifiedafter6minutes.Then,after1hour,theresultantsolidwasgotoutandthencooledtoexamineitsvol- 

ume-ltsresultshowedthatthevolumehadincreasedbyabout1.1%ofthevolumeoftheoriginalmixtureduetobub- 

bles-containing. Then, the resultant lumped gel was got out, and then pulverized with a laboratory pulverizer into 

particlediametersofnotlargerthan850 jo.m,andthereto3gofinorganicfineparticles(tradename:AerosilR972,pro~ 

ducedbyNipponAerosilCo.,Ltd.)wereadded,anclthere^ 

obtainingwater-swellablecrosslinkedpolymerparticles(A7)havingparticlediametersofnotlargerthan850 urn. The 

water-swellablecrosslinkedpoJymerparticies(A7)exhibitedanabsorptioncapacityof6.1g/gforphysiologicalsaline 

solutionwithoutloadandhadabulkdensityof0.254g/ml. 

(EXAMPLE17): 

[0098] First.amixtureofpoiyethySenimineandacrosslinkingagentwaspreparedinthesamewayasofExample 
16exceptthatthecross!inkingagentwaschangedto75gofacrylicacid.Next,theresultantmixturewasplacedinto 
anincubatorof 1 60 °Ciocarryoutacrosslinkingreaction.Asaresuit,ge!ationbeganafterabout20minutes,andthe 
reactionmixturebecamesolidifiedafter30minutes.Then,after1hour,theresultantlumpedgelwasgotout,andthen 
pulverizedwithalaboratorypulverizerintoparticlediametersofnotlargerthan850 um,andthereto3gof inorganic 

fine particles (tradename: AerostlR972, produced by Nippon AerosilCo., Ltd. )wereadded,andtheresultantblend 
waspulverizedwithalaboratorypulverizer.thusobtainirigwater-swellablecrosslinked polymerparticles(A8)having 
particle diameters of not largerthan 850 u.m. The water- sweilable crossltnked polymer particles (A8) exhibited an 
absorptioncapacityof5.2g/gforphysiologicalsalinesolutionwithoutloadandhadabulkdensityof0.272g/mt. 

(EXAMPLE 18): 

[0099] MixingofthecrosslinktngagentwascarriedoutinthesamewayasofExample16,andthentheresultant 
mixturewasplacedintoavacuumovenof60 °Ctocarryoutacrosslinkingreactionwhilethebubblesinthemixture 
wereexpandedundervacuumof200to0.1mmHg.Asaresult,gefationbeganafterabout2minutes,andthereaction 
mixturebecamesolidifiedafter6minutes.Then,after1hour,theresultantsolidwasgotoutandthencooledtoexamine 
itsvo)ume.ltsresultshowedtbattbevolumehadincreasedbyabout200%ofthevolumeoftheoriginalmixturedueto 
bubbles-containing. Then, theresultantlumpedgelwasgotout.andthenpulverizedwithalaboratorypulverizerinto 
particlediametersofnotlargerthan850 pm,andthereto3gofinorganiCfineparticies(tradename:AerosilR972,pro- 
ducedbyNipporAerosilCo.,LtdOwereadded,andtheresultantblendwaspulverizedwithalaboratorypulverizer,thus 
obtainingwater-sweliablecrosslinkedpolymerparticles(A9) having partic!ediametersofnotlargerthan850 (im.The 
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water-swellablecrosslinkedpolymerparticies(A9)exhibitedanabsorptioncapacityof7.7g/gforphysiologicalsaline 
so!utionwithoutloadandhadabu!kdensityof0.211g/ml. 

(EXAMPLES19to22)(acid-basemixedcomposttion): 

[01 00] The cation ic water-swell able crosslinked polymer particles (A6) to (A9) having particle diameters in the 
rangeof500to300 u.mweredry-blendedinanamountof1 OOweightpartsrespectivelywithl OOweightpartsofanionic 
water-swellablecrosslinkedpolymerparticles(B2)havingparticlediametersofnotlargerthan850 jum.thusobtaining 
200 weight parts of particulate water-swe liable crosslinked polymer compositions (24) to (27) respectively. Their 
absorptioncapacitiesforasaltwater(1,000gintotalweightaspreparedbyaddingdeioni2edwater(solvent)to2.0g 
of potassium chloride, 2. Ogof sodium sulfate, 0.85 gof ammonium dihydrogenphosphate,0.15g of diammonium 
hydrogenphosphate,0.25gofcalciumch!oridedihydrate,and0.5gofmagnesiumchloridehexahydrate)under!oadin 
4hoursandin20hoursareshowninTable8. 



Tables 





Water-swella- 
blecrosslinked 
polymercom- 
position 


Cationic 
crosslinked 
polymerparti- 
cles 


Anionic 
crosslinked pol- 
ymerparticles 


Bulkdensity 
(g/mi) 


Absorptioncapacity(g/g) 
underload 












4 hours 


20hours 


Example19 


(24) 


(A6) 


(B2) 


0.383 


41.2 


47.5 


Example20 


(25) 


(A7) 


(B2) 


0.389 


41 


45.2 


Example21 


(26) 


(A8) 


(B2) 


0.412 


40.3 


44.2 


Example22 


(27) 


(A9) 


(B2) 


0.352 


40.5 


42.3 



[0101] Variousdetailsoftheinventionmaybechangedwithoutdepartingfromitsspiritnotitsscope. Furthermore, 
theforegoingdescriptionofthepreferredembodimentsaccordingtothepresentinventionisprovidedforthepurpose 
ofillustrationonlyandnotforthepurposeoflimitingtheinventionasdefinedbytheappendedclaimsandtheirequiv- 
alents. 



Claims 

1. Awater-swellablecrossiinkedpolymercomposition.whichisparticulateandcomprisesananioniccrosslinkedpol- 
ymerandacationiccrosslinked polymer, withthewater-swellablecrosslinkedpolymercomposittonbeingcharac- 
terizedbyhavingabu!kdensityofnotmorethan0.5g/ml. 

2. Awater-swellablecross!inkedpolymercomposition,whichisparticulateandcomprisesananioniccrosslinkedpol- 
ymerandacationiccrosslinked polymer, withthewater-swellablecrosslinked polymercomposition beingcharac- 
terizedinthatatleasteitheroneoftheanioniccrosslinkedpolymerandthecationiccrosslinkedpolymerhasabulk 
densityofnotmorethan0.5g/ml. 

3. A water-swellable crosslinked polymer composition according toclaim 1 or2, wherein 50to100mol% of acid 
groupswhicharecontainedinfunctionalgroupsintheanioniccrosslinkedpolymerareunneutralizedacidgroups, 
andwherein50to100mol%ofbasicgroupswhicharecontainedinfunctionalgroupsinthecationiccrosslinked 
polymerareunneutralizedbasicgroups. 

4. A water-swellable crosslinked polymercomposition according to any one of claims 1 to3, wherein thecationic 
crosslinkedpolymerisacrossiinkedpolymerofpolyethylenimine. 

5. Awater-swellablecrosslinkedpolymercompositionaccordingtoclaim4,whereinthecrosslinkedpolymerofpoly- 
ethylenimineisacrosslinkedpolymerwhichisaproductbyaprocessincludingthestepofcrosslinkingapolymer 
ofpolyethyleniminehavingasolidcontentofnotfessthan80weight%. 

6. Awater-swellablecrosslinkedpolymercompositionaccordingtoanyoneofclaims1to5,whichisaproductbya 
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processincludingthestepofdry-blendingananioniccrosslinkedpolymerhavingasolidcontentofrnorethan80 
weight%andacationiccrosslinkedpolymerhavingasolidcontentofmorethan80weight%. 

7. Awater-swellablecrosslinked polymer composition according to any oneof claims 1to6, wherein thecationic 
crosslinkedpolymerisaproductbyaprocessincludingthestepofcarryingoutareactionbetweenawater-soluble 
polymerandacrosslinkingagentunderbubbles-containingconditions. 

8. A particulate cationiccrosslinked polymer, which has a bulk density of notmorethan0.5g/ml and exhibits an 
absorptioncapacityofatleastSg/gforphysioiogicalsalinesolutionwithoutload. 

9. A particulate cationiccrosslinked polymer according to claim 8, wherein the cationic crossiinked polymer is a 
crosslinkedpolymerofpolyethylenimine. 

10. A production process for a water-swellable crossiinked polymer, which comprises the step of carrying out a 
crosslinkingreactionofasolutionunderbubbles-containing conditions whereinthesolution contains at leasta 
water-solublepolymerandacrosslinkingagent. 

11. Aproductionprocessaccordingtoclaim10,whereinthewater-solublepolymerisapolyamine. 

12. Aproductionprocessforawater-swellablecrosslinkedpolymercomposition,whichcomprisesthestepsof:carry- 
ingoutacrosslinkingreactionofasolutionunderbubbles-containingconditionstoobtainacationiccrosslinkedpol- 
ymerwhereinthesolutioncontainsatleastapolyamineandacrosslinkingagent;andthenmixingthe resultant 
cationiccrosslinkedpoiymerandananioniccrosslinkedpolymertogether. 

13. Anabsorbentarticles,whichcomprisesanabsorbentlayer,asheetwithliquidpermeability,andasheetwithliquid 
impermeability, wherein the absorbent layer contains the water-swellable crossiinked polymer composition as 
recitedinanyoneofclaims1to7,andisinterposedbetweenthesheetwithliquidpermeabilityandthesheetwith 
iiquidimpermeability. 
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Fig. 3 
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Amount (mo! % relative to monomer(s)) of crosslinking agent in anionic cross Jinked polymer 



Examples 1 to 4 (waler-swellable crosslinked polymer compositions (I) to (4)) 
Comparative Examples 1 to 4 (water-swellable crosslinked polymer compositions (5) to (8)) 
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Fig. 4 
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Amount (mol % relative to monomer(s)) of crossiinking agent in anionic crosslinked polymer 



Examples I to 4 (water-swellable crosslinked polymer compositions (I) to (4)) 
Comparative Examples 1 to 4 (water-swellable crosslinked polymer compositions (5) to (8)) 
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